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PREFACE

The International Library of Technology is the outgrowth
of a large and increasing demand that has arisen for the
Reference Libraries of the International Correspondence
Schools on the part of those who are not students of the
Schools. As the volumes composing this Library are all
printed from the same plates used in printing the Reference

- Libraries above mentioned, a few words are necessary
regarding the scope arid purpose of the instruction imparted
to the students of—and the class of students taught by—
these Schools, in order to afford a clear understanding of
their salient and unique features.

The only requirement for admission to any of the courses
offered by the International Correspondence Schools, is that
the applicant shall be able to read the English language and
to write it sufficiently well to make his written answers to
the questions asked him intelligible. Each course is com-
plete in itself, and no textbooks are required other than
those prepared by the Schools for the particular course
selected. The students themselves are from every class,
trade, and profession and from every country; they are,
almost without exception, busily engaged in some vocation,
and can spare but little time for study, and that usually
outside of their regular working hours. The information
desired is such as can be immediately applied in practice, so
that the student may be enabled to exchange his present
vocation for a more congenial one, or to rise to a higher level
in the one he now pursues. Furthermore, he wishes to
obtain a good working knowledge of the subjects treated in
the shortest time and in the most direct manner possible.

iii
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In meeting these requirements, we have produced a set of
books that in many respects, and particularly in the general
plan followed, are absolutely unique. In the majority of
subjects treated the knowledge of mathematics required is
limited to the simplest principles of arithmetic and mensu-
ration, and in no case is any greater knowledge of mathe-
matics needed than the simplest elementary principles of
algebra, geometry, and trigonometry, with a thorough,
practical acquaintance with the use of the logarithmic table.
To effect this result, derivations of rules and formulas are
omitted, but thorough and complete instructions are given
regarding how, when, and under what circumstances any
particular rule, formula, or process should be applied; and
whenever possible one or more examples, such as would be
likely to arise in actual practice—together with their solu-
tions—are given to illustrate and explain its application.

In preparing these textbooks, it has been our constant
endeavor to view the matter from the student’s standpoint,
and to try and anticipate everything that would cause him
trouble. The utmost pains have been taken to avoid and
correct any and all ambiguous expressions—both those due
to faulty rhetoric and those due to insufficiency of statement
or explanation. As the best way to make a statement,
explanation, or description clear is to give a picture or a
diagram in connection with it, illustrations have been used
almost without limit. The illustrations have in all cases
been adapted to the requirements of the text, and projec-
tions and sections or outline, partially shaded, or full-shaded
perspectives have been used, according to which will best
produce the desired results. Half-tones have been used
rather sparingly, except in those cases where the general
effect is desired rather than the actual details.

It is obvious that books prepared along the lines men-
tioned must not only be clear and concise beyond anything
heretofore attempted, but they must also possess unequaled
value for reference purposes. They not only give the maxi-
mum of information in a minimum space, but this infor-
mation is so ingeniously arranged and correlated, and the
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indexes are so full and complete, that it can at once be
made available to the reader. The nmumerous examples and
explanatory remarks, together with the absence of long
demonstrations and abstruse mathematical calculations, are
of great assistance in helping one to select the proper
formula, method, or process and in teaching him how and
when it should be used.

Three of the volumes of this library are devoted to sub-
jects pertaining to Applied Chemistry. The present volume
contains descriptions of the following industries: manufac-
ture of sulphuric acid, manufacture of alkalies and hydro-
chloric acid, manufacture of iron, and manufacture of steel.
The manufacture of sulphuric acid, a comparatively new
industry in this country, is increasing rapidly; the subject
is thoroughly treated and liberally illustrated with detail
plans of the latest constructions and improvements. Manu-
facture of Alkalies and Hydrochloric Acid treats on the
manufacture of sodium chloride, soda, ammonia recovery,
cryolite soda process, sodium sulphate, sodium thiosulphate,
sodium hydrate, hydrochloric acid, chlorine, bleaching
powder, etc., including the latest electrolytical processes
and a description of the analytical methods of intermediate
and finished products. Manufacture of Iron presents
a complete description of modern blast-furnace practice,
and contains besides valuable formulas for the calculation
of blast-furnace burdens. Manufacture of Steel is a
complete review of the art of steel making as practiced in
this country. It has been our endeavor to expound the
dominant principles that govern these industries and give
at the same time a detailed account of the various manu-
facturing processes, with special consideration of the most
modern American practice.

The method of numbering the pages, cuts, articles, etc.
is such that each subject or part, when the subject is divided
into two or more parts, is complete in itself; hence, in order
to make the index intelligible, it was necessary to give each
subject or part a number. This number is placed at the top
of each page, on the headline, opposite the page number;
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and to distinguish it from the page number it is preceded
by the printer’s section mark (§). Consequently, a refer-
ence such as § 30, page 26, will be readily found by looking
-along the inside edges of the headlines until § 30 is found,
and then through § 30 until page 26 is found.

INTERNATIONAL TEXTBoOK COMPANY.
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SULPHURIC ACID

(PART 1)

INTRODUCTION

1. General Remarks and Definitions.—Before consid-
ering the technology of sulplkuric acid, it is of the greatest
possible importance to have a clear idea as to just what sul-
phuric acid is and the place it occupies among the oxides
and acids of sulphur. The technical processes to be
described, instead of seeming complicated will then appear
consequent and logical, and the bhewildering chemical and
commercial terminology with which the evolution of the
manufacture has incrusted the subject will be cleared away,
or at least will be more readily understood.

2. Hydrates and Solutions of Sulphur Trioxide.—It
was stated in /norganic Clemistry that sulphur trioxide SO,
when absolutely pure is a colorless, mobile liquid of 1.940 sp.
gr. at 16° C., and when cooled it solidifies into long, trans-
parent prismatic crystals. If a little water is added, a
mass of opaque, white, asbestos-like crystals will result,
which melt at about 50° C.

If 10.11 per cent. of water is added to the pure sulphur
trioxide, a transparent crystalline mass is obtained, melting
at 35° C. and readily decomposing at moderate heat into
H.S0, and S50,

If 18.37 per cent. of water is added to pure sulphur triox-
ide, a limpid, colorless, oily fluid is obtained of 1.8372sp. gr.

§ 27
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at 15° C. (Lunge 1.8385), which solidifies at 0° C. into large,
plate-shaped crystals and readily decomposing at moderate
heat into A,0 and SO,.

If 31.04 per cent. of water is added to the pure sulphur
trioxide, large, clear, hexagonal, columnar crystals that
melt at 8.5° C. are obtained.

All these mixtures of pure sulphur trioxide and water, or
solutions of sulphur trioxide in water, possess characteris-
tics, such as crystallization, melting points, change of vol-
ume, etc., that show them to be definite chemical compounds
or hydrates of sulphur trioxide.

Again, if from 14 to 18 per cent. of water is added to pure
sulphur trioxide, a thick, oily liquid that throws off dense
white fumes on exposure to the air is obtained. These
fumes are the vapor of sulphur trioxide combining with the
moisture of the air and forming a non-volatile hydrate.

If 23.67 per cent. of water is added to the pure sulphur
trioxide, a thick, oily liquid is obtained of 1.835 sp. gr. and
stable at ordinary temperatures. This is the oil of vitriol
of commerce, or 66° Baumé sulphuric acid (in the United
States).

In the same way, water may be added in other percent-
ages; in some cases hydrates, but nearly always simply solu-
tions, result.

3. If these hydrates exist at low temperatures as definite
crystalline compounds, and if on a rise of temperature they
all decompose with more or less ease with the disengage-
ment of either sulphur trioxide or water, and if in their ordi-
nary form they present all the properties of simple solutions,
it follows that between sulphur trioxide SO, and water 4,0
there exists a consecutive series of homogeneous liquids or
solutions, among which must be distinguished definite com-
pounds, or hydrates; therefore, it is quite justifiable to look
for other definite compounds between sulphur trioxide and
water, which are distinguished by the variation of proper-
ties of any kind uniformly occurring with a solution of any
uniform percentage of sulphur trioxide and water. Few of
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these variations of properties of definite solutions have been
determined with sufficient accuracy.

In other words, the term sulphuric acid is the generic
name of a series of solutions of sulphur trioxide in water,
some of which are chemical hydrates of the sulphur trioxide
and most of which are merely solutions of convenient
strength for use in the arts.

4., In Table I are given the principal characteristics
of the various commercial solutions of sulphur trioxide in
water. The best known hydrates are also shown. It will
be noticed that none of the hydrates are recognized com-
mercially.

8. Nomenclature of Solutions and Hydrates of Sul-
phur Trioxide.— The term sulphuric acid is usually
applied to the monohydrate of sulphur trioxide SO,, /7,0,
and yet at the same time it covers the whole range of
hydrates and solutions containing a smaller percentage of
S0, than the monohydrate, and also the hydrates and solu-
tions containing more SO, than the monohydrate. As the
moment that moisture is added to sulphur trioxide it
becomes an acid, the term sulphuric acid therefore applies
to the whole range of hydrates and solutions of SO, in
water. There is no reason why the monohydrate should
monopolize the term sulphuric acid other than the fact that
it marks the margin of the acids of sulphuric trioxide that
are stable in liquid form at ordinary temperatures; and even
this is not quite correct, as the actual monohydrate itself,
even at 40° C., begins to give off fumes of sulphur trioxide,
and even in a dry atmosphere becomes weaker until it con-
tains 1.5 per cent. of water. At this point, however, it
really becomes stable, so far as the separation of the sulphur
trioxide is concerned, and in a dry atmosphere will remain
unchanged.

It is this sulphuric acid that contains not more than
98.5 per cent. of /7,50, or 80.41 per cent. of SO, and 19.59 per
cent. of water, that it has been possible to make by the
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so-called chamber process, aided by concentration (evapo-
ration of water) and by distillation, and which has therefore
been commercially available. If stronger acid were required,
recourse to the fortification of this acid by sulphur trioxide
made at great cost was necessary. The 80.41-per-cent. SO,,
or-98.5-per-cent. A,SO,, or as near to it as possible, was
fortified with sulphur trioxide until it became 81.63-per-
cent. SO, acid (monohydrate), and if a greater strength or
a so-called fuming acid were required, more sulphur trioxide -
was added, and the acid thus fortified considered as the mono-
hydrate plus a certain percentage of free sulphur trioxide.

6. Nordhausen or Fuming Sulphuric Acid.—As until
comparatively recently the only commercial sulphur trioxide
was produced as a fuming or Nordhausen acid (i. e.,an acid
containing a greater percentage of sulphur trioxide than the
monohydrate) and very costly to make, every effort was
made to bring the chamber acid to its greatest strength (to
eliminate by evaporation as much water as possible). For,
as the proportion of sulphur trioxide to water in monohy-
drate is 81.63 to 18.37, every part of water in the acid to be
fortified first requires 4.444 parts of sulphur trioxide to form
the monohydrate before any so-called free sulphur trioxide
or H,50,+ S0, is obtained. With the one exception of
pyrosulphuric acid, disulphuric acid, or solid oleum, terms
applied to the hydrate #,S,0,, or 250, + H,O, there is no
nomenclature that covers the whole range of acids from the
monohydrate, or 81.63-per-cent. sulphur trioxide, to the sul-
phur trioxide itself, except the terms fuming or Nordhausen
acids; the first is descriptive of a characteristic of these
acids and the second is the name of a town in Prussian
Saxony where a warehouse for the storage of these acids
was located, the factories being at Braunlage, Goslar, and
other places.

As, therefore, the term sulphuric acid is used not only
to define the actual sulphuric monohydrate, but also to
describe the whole range of hydrates and solutions of sul
phur trioxide, it becomes necessary for accurate expression
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to define the hydrate or solution referred to in terms of per-
centage of sulphur trioxide contained in it. When acids
stronger than commercial oil of vitriol (76.33 per cent. of
SO,) were rare and acidum sulphuricum distillatum (80.41
per cent. of SO,) was the strongest.commercial acid known,
it was, of course, natural that the strength of all acids
should be referred to the monohydrate, or nearest, hydrate.

7. Commercial Methods for Determining .the
Strength of Solutions Weaker than the Monohydrate.
For ascertaining the strength of those solutions weaker than
the monohydrate, recourse is had to their specific gravity—a
fairly accurate method up to a certain point, but uncertain
just about the reference point (monohydrate), as in passing
from 79.99 per cent. of SO, (98 per cent. of /,S0,) to 81.63
per cent. of SO, (100 per cent. of A,SO,) the specific grav-
ity decreases from 1.8415 to 1.8372. The specific gravity,
however, rises just so soon as the monohydrate point is
passed and SO, is slightly in excess.

In commercial acids a further cause of inaccuracy exists,
owing to the effect on the specific gravity of the almost con-
stant impurities present. Furthermore, commercial methods
of observing the specific gravity are neither uniform nor
accurate, even apart from the inaccuracy of the instruments
themselves.

8. Specific-Gravity, or Density, Determinations.—
The hydrometer used in connection with sulphuric acid is
simply an instrument for determining its specific gravity, or
‘density, in comparison with'distilled water at 15° C. (or 60° F.
in the United States). With commercial acids the use of
the hydrometer should be limited to the solutions contain-
ing up to 76.33 per cent. of SO, (93.5 per cent. of 4,50).
Specific-gravity determinations beyond this point are unre-
liable on account of impurities in the acid, and all deter-
minations above this point should be made alkalimetrically.
Apparently, it should be easy to make the hydrometric
scale an exact basis of universal calculation, but in practice
there are many different hydrometer scales.  One of the
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difficulties is the uncertainty as to the standard of maxi-
mum density. In Europe this is generally understood to
be 1.842 sp. gr. at 15° C., or 66° Baumé. As this specific
gravity would correspond to a fuming acid, it is difficult to
see on what this standard is based. The specific gravities
of solutions of sulphur trioxide, just between 97 and 100 per
cent. of 4, SO, (79.19 and 81.63 per cent. of SO,), are given

in Table II,
 TABLE II

SPECIFIC GRAVITY OF SOLUTIONS OF SULPHUR TRIOXIDE

H,50, S0, Specific Gravity
97.00 79.19 1.8410
97.70 79.76 1.8415
98.20 80.16 1.8410
98.70 80.57 1.8405
99.20 80.98 1.8400
99.45 81.18 1.8395
99.70 81.39 1.8390
99.95 81.59 1.8385
100.00 81.63 1.8372

9. In England, the Twaddell scale starts with a maxi-
mum specific gravity of 1.850, or 170°. Each intermediate
degree represents a difference of .005 in specific gravity.
In the United States, the Baumé scale is also used, the 66°,
however, corresponding to 93.5 per cent. of A,SO,, or
76.3265 per cent. of SO,, or a speciffc gravity of 1.835.

The modulus, or formula of division, where & = specific
gravity and # = the number of degrees, for the European
Baumé is

144.3
d= 144.3 — n'
and for the United States Baumé is
d=- 145

145 — #'
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Throughout this work, the United States Baumé is used,
as it is the one universally adopted by sulphuric-acid manu-
turers in this country. In addition to these scales, those of
Gerlach and others are used in different parts of Europe
and in different factories in the same country. All of which
tends to show that the only precise and accurate way of
describing the acids of sulphur trioxide is in terms of per-
centage contents of such oxide.

PRINCIPLES GOVERNING THE MANUFACTURE OF
SULPHURIC ACID

10. When sulphur dioxide SO, and oxygen are brought
together under certain conditions, they combine to form
sulphur trioxide SO,. This in the presence of water vapor
becomes hydrated, and these hydrates are known as sul-
phuric acid. The conditions under which sulphur dioxide
and oxygen may combine are varied. For the commercial
manufacture of sulphuric acid, this combination is brought
about in two ways.

1. By what is known as contact or catalytic action, the
two gases are brought together in the presence of certain
substances, as finely divided platinum, and other substances
described farther on, that have the peculiar power to cause
them to unite chemically. The dry sulphur trioxide thus
formed is absorbed in the proper amount of water, to give
an acid of the desired strength.

2. The two gases are brought together in the presence of
steam and some of the higher oxides of nitrogen, as, for
instance, V,0,. The oxide of nitrogen gives up oxygen to
the sulphur dioxide and forms, in the presence of water
vapor, sulphuric acid. The lower oxide of nitrogen formed
immedigtely takes up oxygen from the air present and is
regenerated.

The reaction is quite complicated but is continuous. A
small amount of oxide of nitrogen serves to oxidize an
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indefinite amount of sulphur dioxide to the trioxide. This
is the reaction used in the so-called ckamber process.

In the discussion of the two processes for the manufac-’
ture of sulphuric acid, the above-mentioned reactions will be
quite fully dealt with. Before discussing these, however,
the various sources of sulphur and the preparation of sul-
phur dioxide will be taken up.

11. Raw Materials Used in the Manufacture of Sul-
phuric Acld.—Commercial sulphuric acid is derived from
the following raw materials:

1. Brimstone (@) derived , from sedimentary deposits
accompanied by or derived from gypsum, found in Sicily,
Louisiana, etc.; (4) derived to a limited extent from
volcanic deposits (Solfatara).

2. Recovered sulphur (@) from alkali waste (Chance and
Klaus processes); (#) from spent oxides from gas works.

. 3. Sulphureted hydrogen obtained as a by-product in
the manufacture of ammonium sulphate, etc. )

4. Iron pyrites, in which the principal value is the
sulphur.

5. Iron pyrites with copper pyrites, in which the princi-
pal value is copper (sometimes also gold and silver) and the
sulphur may be considered as a metallurgical by-product.

6. Zinc blende, in which the principal value is zinc.

7. Copper-nickel pyrrhotites, in which the principal
value is the metal. :

8. Copperas slate (Vitriolschiefer), which is oxidized to
ferrous and then to ferric sulphate in the Nordhausen proc-
ess for the manufacture of fuming sulphuric acid; also
other acid sulphates of the alkalies, which, upon being
heated, are first changed into pyrosulphates and then split
up into neutral sulphates and sulphur trioxide.

It will be noted that these raw materials divide themselves
into the following classes: (¢) Where the sulphur is the
principal or only value, as brimstone and most iron pyrites;
{6) where the sulphur is a recovered or a by-product from a
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previous chemical process, and, therefore, only available
locally or under special conditions, as hydrogen sulphide,
alkali waste, etc; (¢) where the sulphur is of secondary
value and is virtually a waste product in a metallurgical
operation; (4) where the sulphur is derived from sources
that are only suited on account of their cost for special proc-
esses and products, as the various sulphates.

12. The history of the manufacture of sulphuric acid
commercially shows, as may be expected, that at first brim-
stone, as being technically the simplest raw material, was
exclusively used. This was, in turn, supplanted by iron
pyrites. Iron pyrites are now being largely driven out by
the waste gas produced in the desulphurization of copper,
zinc, nickel, gold, and silver ores, and it is not difficult to see
that in time the great bulk of acid will be produced as an
adjunct to the various metallurgical processes. Literally,
in the United States thousands of tons of sulphur are being
delivered into the air as sulphurous gas every day of the
year by the various metallurgical works. The capital
invested in the present plants, the capital cost of making
the necessary changestorender the gas available, remoteness
from present markets, and other necessary costly adjust-
ments alone prevent this sulphur from being recovered as
sulphuric acid. .

As to the use of sulphates for the manufacture of fuming
acid, this industry is practically dead, having been replaced
entirely by the catalytic or contact process described far-
ther on.

13. Preparation of the Raw Miterial. — Brimstone
or sulphur requires little or no preparation, as it comes to
the market in suitable condition to be put into the burners.
Crude sulphur in the Sicilian warehouses is graded accord-
ing to its purity and also, in a way, according to the method
employed in its extraction. _

Grading is done by simple inspection, without sampling or
assaying. Three qualities are recognized : firsts, seconds,
and ¢kirds. Light-colored sulphurs art included in the first
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two grades and darker varieties in the thirds. Seconds and
thirds are subdivided into ‘‘vantaggiata,” ‘‘buona,’ and “‘cor-
rente.” Firsts are nearly chemically pure and of a canary-
yellow color, while seconds vantaggiata are but slightly
inferior. Seconds buona have a fine chrome-yellow color;
seconds corrente have a dirty yellow color; and thirds are
chocolate brown on the exterior, shading to greenish brown
inside.

14, For the American trade, two “special classes are
made, seconda uso America, best seconds, which is a mixture
of seconds corrente and thirds vantaggiata; and terza uso
America, best thirds, a mixture of terza vantaggiata and
terza buona. The chemical purity of these classes differs
comparatively little. The various grades of seconds range
from 99.85 to 99.70 sulphur; and of thirds, from 99.64 to
99.58 sulphur. The principal difference—namely, that of
color—is due to temperature and other points connected with
the fusion. :

15. The spent oxides of gas works, which contain sulphur,
are first treated for the recovery of the salts of ammonia,
ferrocyanides, and sulphocyanides, and are then roasted as
if they were the fines, or dust, of the metallic sulphides
and in the same class of furnaces.

16. Sulphureted hydrogen, when ignited in the air,
burns with a blue flame, water and sulphur dioxide resulting

HS+30= H,0+ SO,

with limited air access, or when the flame is cooled by the
introduction of a cold body; only hydrogen burns and the
free sulphur separates. Advantage is taken of this reaction
to use the hydrogen sulphide produced in the Chance
process for the utilization of alkali waste for the manufac-
ture of sulphuric acid ; or by the Klaus process, for the
recovery of sulphur. The hydrogen-sulphide gas is simply
burned in a suitable combustion chamber and the resulting
SO, passed to the lead chambers, or otherwise oxidized
to SO,.
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1%7. The metallic sulphides, the bisulphides of iron,
or iron and copper pyrites, can be roasted both in the form
of small lumps or as dust, or fines, and by their own heat
of combustion alone. The monosulphides, or copper- or
nickel-bearing pyrrhotites and zinc blendes must be roasted
as fines and with the aid of additional fuel. Many pyrites
are so friable as to crumble to fines when being mined, and
many pyrites carrying copper, gold, silver, and other valuable
metals are in the form of concentrates, or fines; such ores
are disseminated, when found, among large proportions of
quartz or other gangue matter, or consist of the sulphides
of several metals, which it is desirable to separate before
further metallurgical treatment.

If these ores occur in massive form, they must first be
broken into small pieces. This is done either by hand or by
rock breakers. The method used will depend on local condi-
tions, such as cost of labor, etc., and on the mechanical
condition of the ore, such as friability, etc. The ore must
then be screened and sized. As a rule, except in the case of
a very free-burning iron pyrite or under special conditions,
such as extreme friability of the ore and insufficient
facilities for roasting the fines, the largest size produced
should pass through a 3-inch ring; the next size should pass
through a 2-inch ring; and so on. Too much emphasis
cannot be given to the necessity for properly sizing the ore
and burning one size only in the same burner. This applies
not only to the lump ore but also to the smalls and fines.

18. In the first place, it is evident that for a ‘‘dead”
roast, or a roast of equal efficiency, the capacity of any given
furnace will be controlled by the time taken to roast the
largest pieces. Therefore, to secure the efficient and eco-
nomical use of costly apparatus, the economy of power and
labor, or in other words, maximum output at minimum
cost, it is necessary to have a reasonably close sizing of the
charge of raw ore to any given furnace. Moreover, that
serious class of troubles met with in roasting ores, called
clinkering, scarring, etc., and much of the labor of breaking
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up and barring the bed of ore in a lump burner is the direct
result of improper sizing. These scars, or clinkers, are really
the formation of a fusible matte of ferrous sulphide 7S,
owing tothe irregular passage of air through the bed of ore
on the furnace grates. If the ore is reasonably sized, air
will be uniformly admitted through the bed and each piece
of ore will get sufficient air for its complete .oxidation.
Moreover, the resulting regularity in the condition of the
furnaces will tend to produce uniformity in the conditions of
the burner-gas and the acid-making process.

19. Combustion of Sulphur and Its Thermochem-
istry.—When brimstone or a metallic sulphide is heated in
the air, or burned, the following reaction takes place:

S, + 20, =250,

In this respect, the combustion of sulphur appears to
form an exception to the general rule of thermochemistry—
viz., that where two or more compounds are possible as the
products of chemical combination, that product will be
formed which produces the greatest heat in the reaction; for
example, C and O can form carbon monoxide CO or carbon
dioxide CO,, and carbon dioxide is the usual product of com-
plete combustion; sulphur and oxygen can form sulphur
dioxide SO, and sulphur trioxide SO,, yet sulphur diox-
ide is the usual product of combustion. The reason for this
is that the heat of the oxidation of sulphur to the trioxide is
so great as to cause the dissociation of the trioxide into the
dioxide and oxygen, or in other words, that the difference
in the temperature of the production and dissociation of
sulphur trioxide is so slight that unless some means are taken
. to carry off the heat of the reaction effectively it cannot
exist. This fact becomes highly important in the considera-
tion of the various contact processes.

As a matter of fact, the gas produced by the combustion
of brimstone or the metallic sulphides e/ways contains
varying proportions of sulphur trioxide, so that techni-
cally the equation given above does not quite represent the
reaction of the combustion of sulphur in air.
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The fact that the burner gas contains varying quantities
of sulphur trioxide is shown by the formation of free sul-
phuric acid, when such gases are washed in water or dilute
sulphuric acid or passed over iron filings before being used
in the manufacture of sulphite pulp.

20. Burner Gas.—Burner gas, whether derived from
the combustion of brimstone or the metallic sulphides, forms
the basis of the manufacture of sulphur trioxide and all its
hydrates and solutions. It consists, according to the raw
material used, of a mixture of sulphur dioxide and sulphur
trioxide, nitrogen, oxygen, and many impurities, such as flue
dust, iron, silica, arsenious and hydrofluoric acids, and com-
pounds of selenium, thallium, zinc, lead, etc.

21. As air consists approximately of 79 parts, by volume,
of nitrogen and 21 parts, by volume, of oxygen, and as
1 volume of oxygen on combining with sulphur forms 1 vol-
ume of sulphur dioxide, which in turn requires 4 volume of
oxygen to form the trioxide, it is plain that 14 per cent. of
sulphur dioxide in the burner gas is the highest theoretical
percentage possible; as each 14 volumes of sulphur dioxide
containing 14 volumes of oxygen requires 7 volumes of oxy-
gen to form sulphur trioxide, or 21 volumes of oxygen in
all, in which case the burner gas would contain the fol-
lowing:

Volumes of oxygen as sulphur dioxide......... . 14
Volumes of oxygen to form sulphur trioxide.... 7
Volumes of nitrogen..........c..ovvviveennnn. 79

Total ..... Ceeieeee it iiiieea e 100

In practice, however, even if pure sulphur is used to pro-
duce the burner gas, this percentage would not be practicable,
as no matter what process is used a certain excess of oxygen
is found necessary. This excess of oxygen is usually not
less than 5 per cent. and the proportions therefore are about
as follows:
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Volumes of oxygen as sulphur dioxide........ 14.0
Volumes of oxygen to form sulphur trioxide.. 7.0
Volumes of oxygen excess.. ... e R A 1

Volumes of nitrogen with the sulphur trioxide 79.0
Volumes of nitrogen with the excess of oxygen 18.8

Total....... i ttieiteeetataasenanaeesss.128.8

From which it is evident that even when burning brim-
stone or -pure sulphur, the percentage of sulphur dioxide in
the burner gasshould not exceed 11 per cent. Asa matter of
practice, 10 per cent. is rarely exceeded, as with less air sub-
limation of the sulphur is likely to take place unless great
cdre is used.

22. When the question is one of roasting the metallic
sulphides, it is evident that the matter is further compli-
cated, as oxygen (and with it nitrogen) must not only
be admitted to oxidize the sulphur to the trioxide and
to provide for the necessary excess, but also to oxidize
the metallic contents of the ore. The calculation will, of
course, be different for the various ores used, but it
may be stated in general terms that the burner gas pro-
duced when burning the metallic sulphides should range
from 5 to 8 per cent. of sulphur dioxide. A less percent-
age than 5 per cent. can only be used (on account of its
dilution with inert nitrogen) at the expense of a larger
and, therefore, more expensive plant; nor, with reasonably
well-constructed burners, need the percentage of sulphur
dioxide fall below 5 per cent. unless under very exceptional
circumstances.

23. Avallable Sulphur.—As all the raw material for
the production of burner gas contains varying quantities of
impurities, and as it is quite impossible, at the temperatures
existing in the various furnaces used in sulphuric-acid manu-
facture, to entirely desulphurize any of these raw mate-
rials—various percentages of sulphur remaining in the ash
or cinder—it is manifestly advisable to base figures relating
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to the process or yield upon the amount of sulphur actually
available or existing in the burner gas as oxides of sul-
phur SO, or SO,. The loss in the desulphurizing process is
estimated separately, and it is to this available sulphur that
all calculations will refer. Certain losses of
sulphur occur in the process of desulphurizing
by the escape of gas during charging and
discharging and the various manipulations
connected with the roasting. Losses also
occur by partially roasted ore passing through
the furnace; this is generally due to care-
lessness on the part of the burner men.
Other quite unavoidable losses are caused
by the temperature of the furnace being
insufficient to convert the sulphides of cer-
tain metals occurring with the iron pyrites
into oxides, they remaining in the cinder as
sulphates.
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24. Sources of Loes of Sulphur in
Roasting.—As the metallic sulphides are
sold to sulphuric-acid manufacturers on the
basis of total sulphur contents, it is well, in
comparing the relative values of any ores, to
I consider how much sulphur will be inevitably
1 bound in this way as sulphates in the cinder
and therefore, under no condition will be of
‘ value to the manufacturer or available for

oxidation to the trioxide.

Table III is based on the assumption that
all these sulphides are converted to sulphates,
which is by no means the case.

.5

" Zn |Zno

TABLE

25. The following illustrations show what
is meant by ‘‘available” sulphur, the cause
.of loss of sulphur in roasting, and the relation
of this loss to the yield or output of acid and to the value
of any given ore to the manufacturer.

Each per cent. contained in pyritesof... ...
Will render unavailable per cent. of sulphur
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ILLUSTRATION 1.—An iron bisulphide of great purity, such as the
Aguas Tenidas in Spain, contains:

10 ¢ R 46.60¢
Sulphur ... o i i e 58.152
L1 .20g
Arsenic

Cf)pper ......................................... Traces
Silver

Gold

Such an ore with reasonable care can be roasted down so that the
cinders will not contain more than .5 per cent. of sulphur. As the cin-
ders will weigh only about 80 per cent. of the ore, the total loss of sul-
phur will be only .4 per cent., and this, so far as the metallic sulphides
are concerned, would seem in practice to be the irreducible minimum,
the manufacturer obtaining from the ore 52.76 per cent. of sulphur, or
99.24 per cent. of the sulphur for which he pays. In addition to this
loss, there will be more or less loss from the escape of gas from the
burners, varying with the excellence of construction of the burners
and the care exercised by the burner men. Other losses at the burners
will amount, say, in all to .8 per cent., making the total loss in ore
buying and roasting 1 per cent. of the sulphur contents, leaving 98.12
per cent. of the sulphur avas/able for acid making, or as sulphur oxides
in the burner gas.

ILLusTRATION 2.—A Norwegian pyrites contains by analysis:

Sulphur............ 44.50 Lime.............. 2.10
Iron................ 39.22 Magnesia. ........ .01
Copper........... .. 180 Oxygen, as F2,0,.. .50
ZinC........ooenen 1.18 Insoluble.......... 10.70

It is plain that on a complex ore of this nature the loss in roasting
the bisutphide cannot be less than the loss in roasting the ore of the
previous example, or .5 per cent., in addition to which the ore contains
impurities that will hold sulphur in the cinders as sulphates, as stated
in the above table. The roasting losses will stand as follows:

Percentage
of Sulphur
Roasting loss on bisulphide of iron in cinders...... ... .40
Sulphate of zinc in cinders, 1.18at .50.................. .59
Sulphate of copper in cinders, 1.80at .50............... .90
Sulphate of lime in cinders, 2.10at .57................. 1.20
Sulphate of magnesia in cinders, .01 at .80..............
Sulphate of iron in cinders, .50 at .60.................. .80
Total 10SS. ..o vvien ittt e 3.89

In such an ore, therefore, the manufacturer will under no circum-
stances be able to obtain from the ore more than 41.11 per cent. of the
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sulphur, or 92.88 per cent. of the sulphur for which he pays. Adding
the further loss of .6 per cent. of sulphur in gas, etc. in the roasting
process, it brings his total loss up to 3.99 per cent. of sulphur, leaving
40.51 units of sulphur, or 91 per cent. of the sulphur, available for
acid making or as sulphur oxides in the burner gas.

In purchasing ore, it is further necessary to consider the
effect of low-sulphur contents on costs of freight, labor of
handling, and room taken up in the furnaces and storage
bins, etc.; for instance, in purchasing brimstone, 1 per cent.
of these costs, at the outside, is on waste material, while
in dealing with an ore containing 50 per cent. of available
sulphur, 50 per cent. of these costs on the above accounts is |
on waste material, and so on.

26. Yield and Method of Calculating Yleld of Sul-
phuric Hydrate.—The possible theoretical yield obtainable
from 1 unit of actual sulphur, say 1 pound or 1 kilogram, is
2.5 pounds or kilograms of sulphur trioxide or 3.0625 pounds
or kilograms of sulphuric monohydrate #,5O,, which cor-
responds to 100 per cent. of either of the above products; of
course, such yields are never realized in practice. A yield
of 98 per cent. (2.45 pounds of sulphur trioxide or 3.0013:
of H,50,) is probably the extreme average limit of even
the best-managed and best-constructed acid works, while
97 per cent., or even 96 per cent., is considered extremely
good average work.

As these figures are based on actual chemically pure sul-
phur, the importance of the above remarks becomes evident.
At various factories, various and very loose data are used for
the calculation of yield. Some factories express their yield
in terms of sulphur shown by assay in the ore, without
reference ‘to the loss shown by sulphur held as sulphates,
which can, under no circumstances, be recovered. Others
neglect the gas losses in the desulphurizing furnaces. The
safest way is to consider the available sulphur as that
actually contained in the burner gas as sulphur oxides; or
in practice to deduct from the assay value in sulphur of any
particular ore a sufficient percentage to allow for the inevi-
table loss in the cinder and gas at the furnaces.
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The same laxity is shown in estimating the consumption
of nitrate of soda used in the chamber process. At one
factory it will be expressed in terms of the actual available
sulphur; at another, on the sulphur assay of the ore used;
at another, even on the tonnage of pyrites burned. In the
case, therefore, of a factory using an ore containing 42 per
" cent. of sulphur by assay, of which 38 per cent. only was
actually available, the percentage of sodium nitrate is actually
at different factories expressed as follows:

Sodium nitrate used per tonof ore............ ceeel. 11144

Sodium nitrate used per ton of sulphur by assay..... 2.714

Sodium nitrate used per ton of sulphur actually
available................. ... ... 3.00¢

27. Table IV covers the yields, on actual sulphur, of the
principal solutions of sulphur trioxide in practical use.

The estimation of yield in a factory is not a very simple
matter. In fact, it is impossible to obtain the actual yield
except as the general average of a great number of observa-
tions and measurements extending over a considerable
period. ) )

28. Sometimes every day, though usually once a week,
a record is taken of all the acid of various strengths in all
the apparatus and storage tanks of the system. The
dimensions of all this apparatus are usually tabulated, so
that every inch in depth corresponds to a certain cubic
capacity. The cubic contents of the acid of different
strengths being thus ascertained, all -these acids of
different ' strengths are reduced by Table I to one
strength —in a fertilizer factory, for instance, to terms
of 50° Baumé; in other factories to terms of mono-
hydrate, or 66° Baumé. '

In reducing these acids, careful note should be taken of
their temperature—although this is not usually done, the
error probably being considered as a constant one. In this
allowance for temperature, Table V is used by the Manufac-
turers’ Association of the United States.
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TABLE V

ALLOWANCE FOR TEMPERATURE

At 10° Baumé 46. Fahrenheit = 1° Baumé
20° Baumé 31.8 Fahrenheit = 1° Baumé
30° Baumé 30.25 Fahrenheit = 1° Baumé
40° Baumé 31.46 Fahrenheit = 1° Baumé
50° Baumé 34.69 Fahrenheit = 1° Baumé
60° Baumé 40.00 Fahrenheit = 1° Baumé
66° Baumé 43.24 Fahrenheit = 1° Baumé

From the total stock of acid obtained in this way is
deducted the amount on hand at the previous time of stock
taking; and the amount deducted from stock during the
period, either for use in other departments or sold, is added.
The result gives approximately the amount made during the
intervening period, and the yield is deduced either from
Table V or by calculation from the amount of sulphur used
during that period, a record of which has also been kept.
These records and measurements are usually taken by the
superintendent or acid maker and are checked by him at
intervals, together with some one of the proprietors or
general officers of the company. After a certain time, the
general average of the work done at any given plant can be
ascertained with fair accuracy so long as the same raw
material is used and the sulphur available has been deter-
mined with sufficient accuracy.

29. Sometimes the yield is roughly estimated, especially
in the contact process, by the difference in content of sul-
phur oxides contained in the burner and exit gases. The
formula given in Art. 53, for use in testing the burner gas,
enables this calculation to be made.

30. Another calculation that must often be made by an
acid maker is in connection with the mixing of acids of
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various strengths in such a way as to produce an acid of any
desired strength. This is done by Gerster’s formula for
mixing a strong solution of sulphur trioxide with a weak
solution of sulphur trioxide to produce an intermediate
solution of sulphur trioxide of any desired strength. This

formula is as follows:
b—a
x =100 , (1.)

when r = quantity of weak solution required to mix with

100 parts of the strong solution;

a = total sulphur trioxide in 100 parts of the solu-
tion desired;

b = total sulphur trioxide in 100 parts of the strong
solution; .

¢ = total sulphur trioxide in 100 parts of weak solu-
tion.

When the percentages of the solutions are given in terms
of monohydrate instead of sulphur trioxide, it is only neces-
 sary to multiply the percentages of the monohydrate //,50,
by .816326 to reduce them to terms of SO, as mentioned in
Table I.

THE PRODUCTION OF SULPHUR
DIOXIDE OR BURNER GAS

31. General Remarks.—Commercial processes for the
manufacture of sulphuric acid are not intermittent, but con-
tinuous. It follows, therefore, that to secure regularity in
these processes all the separate factors must be as regular
and uniform as it is possible to make them. Furthermore,
the process consists of a series of chemical combinations,
which in any given plant are proportioned as to volume to
the size of that plant. If absolute regularity can be secured
in the various chemical combinations, then the maximum
work or output will be secured from such plant. Any
irregularities will result either in an incomplete series of



22 SULPHURIC ACID . § 27

combinations and consequent waste of raw material, or a
reduction in output and consequent waste of capital outlay,
owing to incomplete utilization of the plant, or both.

The first requisite, therefore, in sulphuric-acid manufac-
ture is a uniform steady stream of gas of constant composi-
tion and volume. TkLis gas should be produced at the least
cost for labor and repairs and with as complete an oxida-
tion of the sulphur in the furnace as possible. Unfortu-
nately, all furnaces, except some mechanical furnaces for
desulphurizing fines and ong or two furnaces for burning
brimstone are intermittent in their action. That is, the
brimstone or ore is fed to them and the desulphurized cinder
discharged at intervals. It is only, therefore, by the most
skilful and careful work and attention to numerous details
that even an approximation can be had to the desirable con-
dition of the burner gas above referred to.

32. To counteract the intermittent character of the
individual furnace, the following points must be observed:

1. A considerable number of furnaces of small capacity
are used, and are charged and discharged in series. For
example, a sulphuric-acid works is designed to oxidize in
24 hours 14,000 pounds of actual sulphurto the trioxide. The
ore available is iron pyrite in lump form, containing 50 per
cent. of sulphur, about 1.5 per cent. of which will be lost
either by being retained in thecinders or on other accounts,
making the ore contain 48.5 per cent. of available sulphur;
28,800 pounds of ore will be required daily. To roast this
ore, twenty-four burners will be used, each having a capacity
for roasting 1,200 pounds in 24 hours. This ore is charged
to each furnace in two charges of 600 pounds each, one
every 12 hours, or the whole charge is divided up intoforty-
eight charges of 600 pounds each, so that one furnace of
the twenty-four will be charged with 600 pounds of ore
every half hour during the 24 hours. Furnaces are selected
to be charged in rotation in such a way as to preserve as
nearly as possible even conditions in every part of the
bench of burners.
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2. The furnaces are so constructed that the amount of
air admitted to each furnace may be under as complete con-
trol as possible. It is evident that when any furnace has
received a new charge of ore containing 50 per cent. of sul-
phur, it will require more air than it will 6 hours later, when
much of the sulphur is burned off, and still more than it will
when the sulphur is almost entirely burned off. In fact, the
admission of much air when the ore only contains a small
percentage of sulphur merely tends to cool the furnace and
so prevent the thorough roasting of the ore. By judiciously
regulating the admission of air to the individual burners,
the general average of the gas in the flue common to all the
burners is kept reasonably strong: and by the subdivision
of the whole charge as above, a general average of gas is
maintained that is as near an approach to continuous, uni-
form work as is possible under the circumstances.

FURNACES AND BURNERS FOR THE PRODUCTION
OF BURNER GAS

33. General Remarks.—In the production of the burner
gas and the efficient desulphurization of the various raw
materials by the different furnaces now to be described—
while various points peculiar to the management of each
furnace will be pointed out—nothing but actual experience
will secure satisfactory results. The minutest details tend-
ing to secure regularity must be insisted on in the manage-
ment of the furnaces. ‘Each ore or material has its own
peculiar behavior in the furnaces, which when understood
must be attended to.

When ‘natural draft is used, meteorological conditions
must be constantly considered and the drafting of the fur-
naces modified accordingly. Much trouble and anxiety is
saved in this respect by the use of fans, or other apparatus
devised to make the draft positive and controllable. Above
all, it must be kept constantly in mind that the desired
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object is a uniform stream of burner gas of constant com-
position and volume, with as complete desulphurization of
the ore as may be possible.

If the further oxidation of the sulphur dioxide of the
burner gas to the trioxide is to be carried out by means of
the chamber process, it is necessary to mix the burner gas
at this point with nitric-acid fumes. The nitration of the
gas will only be mentioned here in so far as it forms an
adjunct to the desulphurizing furnaces; in other words,
when the nitric acid is supplied by the decomposition “of
sodium nitrate and sulphuric acid by the heat of the burner
gas. This method of adding the nitric acid is called pozting,
as it is done in large cast-iron pots, placed in a chamber or
enlargement of the main gas flue of the furnaces, which is
called the niter oven.

BRIMSTONE BURNERS

34. One of the simplest forms of brimstone burners is
shown in Fig. 1 () and (&), (2) being the plan showing sev-
eral burners connected with the common flue /, and (&) a
vertical section on the line x . The sulphur is charged
through the door #¢ upon the cast-iron pan a, where it is
burned. The supply of air to the burning sulphur is care-
fully regulated. The gases containing the sulphur dioxide
collect in the chamber 4 and pass through the flue & into
the common flue .. To prevent overheating pan a, air is
admitted under it through », passing through ¢, ¢, f, and g,
where it finally mixes with the gases and sublimed sulphur
coming from /, as shown in (a). Thesc mixed gases now
pass into the combustion chamber 7, where the combustion
is completed.

If the burner gas is to be used for making sulphuric acid
by the chamber process, it is mixed with fumes of nitric
acid evolved in the pot 7 by the action of sulphuric acid on
niter. The gas now passes through the flues 4 and / to
the Glover tower. If it is to be used in the contact proc-
ess, the nitrating is omitted.
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35. IIarrison-Blair Brimstone Burner.—This bur.ner.
which is of the continuous-feed and intermittent-discharge
type, is shown in plan and longitudinal section in Fig. 2 («)
and (4). The brimstone .is fed into the burning pan a
through the funnel &, which is kept full. The brimstone
settles as fast as that on the pan melts. Air for the com-
bustion is supplied through the door ¢. The sulphurous
gases pass from the chamber & through the flues ¢ and f

w
FiG. 3

into the flue or chamber 7; additional air for completing the
combustion is supplied to f through’ the openings . In
passing from f to 7, the gases are led through a series of
baffle walls lined with pigeonholed brick, shown at g, and
over the niter pots 2. From the flue 7 the nitrated gases
pass through the flues 7 and # to the Glover tower.
About once in 24 hours the ashes are removed through
the door c¢.
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PYRITES BURNERS

36. Furnaces, or burners, for roasting pyrites for the
recovery of the sulphur, as SO,, are of many styles, dep’:nd-
ing both on the nature of the pyrites used and on the man-
ner of their operation. The following descriptions will
serve to illustrate the most important forms.

3%. ¥alding Lump Burner.—This furnace is used for
self-roasting ores. It has an intermittent feed and is oper-
ated by hand. A bench of six furnaces is shown in detail
in Fig. 3 (a), (), (¢), (), and (¢). (a) is a side elevation,
also showing vertical sections through several parts; (4) is a
plan showing horizontal sections through several different
parts; (c) shows a vertical section from front to back through
the center of an individual furnace; (<) and (¢) will make
themselves clear in the following description:

38. Atais the grate upon which the ore is burned. The
thickness of the bed of ore carried on the grates will be from
2 to 2} feet, as shown in (¢), but will vary somewhat accord-
ing to the sizing and character of the ore. It mustin any
case permit a passage of the air uniformly through its mass
and not in spots ‘or against the furnace walls. The ore is
shoveled into the furnace through the charging door 4, and
must be spread as evenly over the surface of the bed as
possible, being slightly deeper against the walls of the fur-
nace, as shown in (¢). The grate bars @ are usually bars of
square wrought iron from 1} to 2 inches square, slightly
rounded where they pass through the supporting cast-iron
bearers a,, @,, @,, These bars must be spaced so as to be
best adapted for the size of the ore to be burned. When
the ore is sized by screens, it isa good plan to have a certain
number of furnaces spaced to accommodate each size of ore.
If the grates are spaced too closely, the larger lumps will
not pass through and the draft will soon be seriously inter-
fered with; if they are spaced too far apart, the bed will
drop through too rapidly and be difficult to control. At the
front of the furnace the bars pass through a wrought-iron
plate ¢ and ¢/, that can be removed in two sections; as the
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bars are turned down to a circular section where they pass
through the plates, the plates fit closely and prevent the
entrance of ‘‘false” air into the furnace; the plates also
tend to steady the grate bars. In order to drop the roasted
ore through the grate, use is made of a large wrench, or key,
fitting on to the square end of each grate bar. Each grate
bar is by this means twisted backwards and forwards a
few times, until an amount of roasted ore has been dropped
through the grate into the cinder pit 7 equivalent to the
amount of ore about to be charged through the charging
door 6. The roasted cinder is removed by means of the
door &’. The cinder-pit door ' is provided with a slide or
gate valve & for regulating the admission of air for com-
bustion.

39. The furnace illustrated has hollow front walls ¢,
which serve to prevent radiation of heat from the furnace,
permitting the burner gas to be passed to the Glover tower
at a high temperature; or, if desired, permitting the air
supply for combustion of the ore to be preheated. The air
passes through the regulator /£ into the air duct f, hollow
tiles ¢, and side channels g, beneath the furnace grate.
The door ; is used for inserting a bar in case of bad clinker-
ing low downin the bed. The bricked-up opening £ enables
the flue / to be cleaned when obstructed with flue dust.
Each furnace has a roof 7, in which is an opening 7, through
which the burner gas finds its way into the main flue /
formed by the longitudinal arch ¢, and thence into the flue p
common to both sides of the furnace bench, whence it is
carried by the cast-iron pipe ¢ to the Glover tower. In case
nitration by means of potting is to be used, the niter oven
will be placed in p, which also serves as a dust collector for
coarse flue dust that may be carried over.

40. To start this furnace, about 2 feet of roasted ore is
put upon the grates. (Incompletely roasted ore and brick-
bats broken so that they can be passed through the grates
may be used.) A light wood or coke fire is then lighted on
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the bed of each furnace. When the furnace is heated to a
dull-red heat, the coke or wood ash may be removed and ore
charged and the gas turned into the acid plant.

41. Maletra-Falding Furnace.—This type of furnace
is adapted to the roasting of fines. It is worked by hand
and has an intermittent feed. Fig. 4 (@) and (4) shows two
sectional views of it, corresponding parts being lettered alike
in both views,

Ore is introduced by means of the hopper and bell @ on to
the back end of the upper shelf 4. These shelves can be
constructed either with fireclay slabs ¢, ¢, ¢, or brick arches,
as shown at @, &, d. After the furnace has been brought to
a red heat ore is spread over all the shelves. After the
expiration of a certain time the ore is raked off the lower
shelf ¢ through the door /. The ore from shelf g is then
pushed through the opening / on to shelf ¢, through the
door 7, and spread over shelf . The ore from shelf j is
raked forwards on to shelf g, over which it is spread. The
ore from shelf % is pushed through the opening / and spread
on shelf 7, and so on until the ore from shelf & is finally
raked through the opening 72 by means of door'z and spread
on shelf o. Every shelf in the furhace is now covered with
ore except the upper shelf 5. A charge of ore is now intro-
duced through the hopper and bell @ on to the upper shelf &
and spread over it. The furnace is now left for from
6 to 12 hours, when the lower shelf is discharged and the
whole operation repeated.

These furnaces are generally constructed in groups of
from four to sixteen, each of which has a capacity of from
1,600 to 2,000 pounds of pyrites in 24 hours.

42, Herreshoff Furnace of the MacDougall Type.
This furnace is provided with mechanical rotary stirrers
and has a continuous feed. It is designed for burning fines,
and is illustrated in Fig. 5 (a), (4), and (¢).

This furnace has five shelves, or hearths, a, a, a, 4, &.
The rotating, central, hollow, cast-iron column ¢ carries a
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pair of arms on each shelf. The column and arms adjacent
to the column are kept safely cool by a current of cold air
drawn through the holes &4 by natural draft created by
the 30-foot stack e. The teeth, or stirrers, operating on
hearths a, a, a are set at such an angle as will gradually
work the ore from the center to the periphery, where it
falls through ports f on to the hearths 4, 4 and finally
through discharge port /7, which is closed by a balance valve
suitably weighted to control the discharge. The teeth on
the stirrers, operating on hearths 4, 4, are set at such an
angle as to gradually work the ore from the periphery to the
center, where it falls through the annular ports ¢. The ore
is fed to the furnace by means of the hopper and plunger,
feed %, %', which is operated by the central revolving
column ¢ in such a way as to supply a desired quantity
of ore at each revolution of the stirrer arms. These
usually make a complete revolution once in 2 minutes
and can be taken out and replaced by means of the

doors ¢, ¢, 1, 7,, ¢

2 T3 Te

43. Theair for supplying the necessary oxygen for the
combustion of the ore and the production of a suitable
burner gas is admitted on the lower shelf through gate
valves &, 4, etc., and passing through the furnace over the
roasting ore, finally leaves the furnace as burner gas through
the cast-iron pipe /, which connects with the common, or
main, cast-iron burner-gas flue .

If the mechanical construction of this furnace has been
properly attended to, it can be readily started by first
removing the arms, covering the hearths with a bed of
roasted ore or cinder, then heating it to a dull-red heat by
means of light wood fires on each shelf, then replacing the
arms and feeding the ore in the usual way.

44, Spence Reciprocating Type of Furnace.—This
style of furnace is designed for self-roasting fines. It hasa
continuous feed, the ore being carried from one shelf to
another by means of a reciprocating device. Its mechanismis
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shown in Fig. 6. The
exit flue a is for
the burner gases.
The hopper & is kept
full of ore, which is
fed into the furnacein
front of the rake 7 up-
on the hearth ¢ by the
continuous feed &'
Asthe rake 7isdrawn
over the hearth ¢
by the reciprocating
mechanism shown at
the right of the fig-
ure, it draws and
spreads the accumu-
lated ore over the
hearth and causes
part of it to fall
through the open-
ing ¢’ upon the next
lower hearth 4. On
its return stroke the
rake on hearth 4 car-
ries this ore over the
hearth in the oppo-
site direction, it then
falling through the
opening 4'. From
the lower hearth f it
falls through f' into
the pit g. A similar
operation takes place
on each hearth.

45. The orerakes
have triangular cast-
iron teeth and extend
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across the furnace; they are attached to the skids 7. . The
reciprocating mechanism consists of a hydraulic cylinder »
with a piston and piston rod 7. The motion of the piston
is transmitted to the rakes by means of the rods /.and ; and
the frame £ Water is furnished to either end of the cylin-
der through the pipes p and ¢ by the pump O by means of
automatic valves. ,

When the furnace is to be started up, a fire is builtin the
fireplace %, but after the furnace is well under way it is
bricked up, the sulphur of the ore being the only fuel
necessary for the continuation of the operation.

46. Rhenania Muffled Type of Furnace.—This fur-
nace is for roasting refractory ores; the feed is inter-
mittent. Itisillustrated in Fig. 7 (@), (¢), and (¢). a,d,and¢
are the hearths, or shelves, upon which the ore is burned.

Ore is fed upon the hearth @ from time to time through
" the openings 4. The ore is worked from shelf to shelf by
means of slice bars introduced through the doors ¢, and
finally passes through the ports f to the cinder pits g, from
which it is periodically removed.

Heat for combustion is supplied by the fireboxes /; this
heat passes through the whole length of the double furnaces
and returns by means of the flues 7, passing into the stack
at 7. The products of combustion of the ore pass over
the ore and in the opposite direction into a flue 4, on the
top of the furnace, and thence by dampers / into the
stack » connecting with the Glover tower.

These furnaces are built in blocks of four, fired by means
of two fireboxes with two doors each, at one end of the block
of four; the fire flues 7 pass from end to end of all four fur-
naces and back again

47. MacDougall Type of Muffled Furnace.— This
furnace closely resembles in structure and operation the
Herreshoff furnace already described. When these fur-
naces are muffled, that is, supplied with separate and distinct
combustion chambers and flues for the purpose of intro-
ducing heat into the furnace other than that produced by
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the combustion of the ore itself,.and the products of com.
bustion are kept separate and distinct from the burner gas,
they are constructed in groups of four. The feed is con-
tinuous. The fuel used may be oil, natural, or producer gas.

Fig. 8 (@) and (4) shows this furnace in plan and vertical
section. The revolving arms ; are operated in the same
manner as in the Herreshoff furnace. Ore isfed in through
the hopper / to the upper hearth and gradually worked out-
wards by the revolving arms and down to the next lower
hearth, then towards the center and through another opening
to the third hearth, etc. The fuel is supplied by means of
the pipe p and branches ¢ to the combustion chamber 7, and
thence to the flues s around the muffles. The products of
combustion pass off through the stacks ¢ and the burner gas
through the pipes 4.

TESTING THE BURNER GAS

48. Collecting the Sample.—Gas is aspirated from the
flue common to all the furnaces at a point chosen so as to
" secure a reliable average of the gas. If there is any doubt
as to the gas being an average, it should be aspirated at
several points until a point yielding a satisfactory average
is obtained.

49, Reich’s Test for Sulphur Dioxide.—This test,
which is described fully in Quantitative  Analysis, is gen-
erally used, but is modified for sulphuric-acid works as
follows : The deci-normal solution of iodine, containing
12.65 grams of iodine per liter, and the starch solution are
prepared in accordance with the instructions given in
Quantitative Analysis. The solutions must be kept in a
dark, cool place. It isa good precaution to use small bot-
tles, holding just sufficient for the day’s tests, for use in
the works, leaving the stock in the laboratory. :

As in practice it is often necessary to make tests in
several different parts of the works, it becomes necessary,
for making the test, to fit up a simple cheap apparatus that
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can be left at each place. The apparatus shown in Fig. 9
can be readily put together and arranged on a rough shelf
or shelves, in almost any place, so as to be ready for instant
use. A pipette being left on the shelf, it is only necessary
to carry around the two small bottles of solutions. A spare
2-liter jar being kept on the shelf, the aspirating water
can be saved, or in case many tests must be made and

FI1G. 9

water-supply pipes are available, a water aspirator can be
used; failing this, a steam aspirator. In some works the
pipes through which the gas is aspirated are all led to the
laboratory, and being supplied with valves and a steam
aspirator, tests can be made in the laboratory without going
to the different parts of the works. This is a very con-
venient though somewhat costly plan.

80. This apparatus consists of a 1-inch iron pipe g pene-
trating the flue /4, the gas in which is to be tested. This pipe
is connected by means of the rubber tube f and pinch cock ¢
with the absorption bottle 4. The glass tube 7 penetrates
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the rubber stopper and extends nearly to the bottom of
the bottle. The exit tube ; extends just through the stop-
per. By this arrangement, the gas drawn through f bubbles
through the reagent in 4. The rubber tube # connects &
with the 4-quart aspirating bottle . In construction, this
aspirator is similar to the absorption bottle, the positions
of the tubes being reversed. When filled with water, th-
latter is siphoned off through / and s, creating a partial
" vacuum in the upper part of . During operation, the
volume of water (which is equal to the volume of ‘gas used)
drawn from « is measured in the graduated cylinder z.

51. To make the test, fill the large bottle 2 with water;
see that the stopper is perfectly tight; start the siphon by
slight suction through the nozzle 4 and close the pinch cock¢;
fill the 8-ounce bottle & about one-quarter full of clean water
(slightly warmed in winter); and pour into this about a
teaspoonful of the starch solution. Then, by means of the
pipette take 10 cubic centimeters of the deci-normal iodine
solution and add to the water and starch solution in the
8-ounce bottle; replace the rubber stopper tightly and close
the pinch cock ¢ between the flue and the small bottle. Then
open the pinch cock ¢ at the nozzle and allow the water to
‘waste; when the water ceases to run, proving the tightness
of corks and connections throughout the apparatus, open
the pinch cock ¢ between the flue and the small bottle 4.
Take the small bottle'in the left hand, keeping the right
hand on the pinch cock ¢ at the nozzle, and shake the bottle
not too violently, holding it to the light in such a way
that any change in color can be readily noted; when a con-
siderable change occurs in the color, stop the flow of water
with the right hand. If the color does not éntirely disap-
pear, aspirate a little gas carefully until it does; then close
the pinch cock ¢ between the flue and the small bottle. The
tube f between the flue and this pinch cock is now filled
with the gas to be tested. Remove the stopper from the
small bottle and add 10 cubic centimeters of the iodine
solution with the pipette; replace the cork tightly; open the



§ 27 SULPHURIC ACID 39

pinch cock nearest the flue; then, with the pinch cock ¢ in
the right hand carefully waste water until the liquid in the -
glass tube, terminating the tube from the flue, is depressed
to the bottom; or, in other words, until the tube is filled with
the gas to its extreme end in the small bottle. Just before
the first bubble of gas would escape and pass through the
solution, allow the water to commence running into the
graduated measuring jar; shake the small bottle as before and
stop the water running the instant the color is discharged.
The number of cubic centimeters of water that the jar holds
at the point of discharge of color from the solution repre-
sents the volume of gas required to decolorize the solution,
from which the percentage of sulphur dioxide in the burner
Zas is calculated.

82. The reaction taking place is as follows:
2/ + SO, + 2H,0 = 2HI + H,.S0,

Omitting any correction for temperature and pressure,
the percentage of sulphur dioxide is calculated by means of
the following formula:

_ 1114 x=n
2=z + 114 xn’
P = percentage of SO,.
n = the number of cubic centimeters of ;}; normal iodine
solution used;
m = the number of cubic centimeters of water run into
the measuring jar.

.

()

If the percentage of sulphur dioxide in the gas is very
small, and, thus, m is very large in proportion to », the
formula may be simplified into

111.4 X 7
P=

3

In testing exit gas, using 10 cubic centimeters of a 1}5
normal or centi-normal solution of iodine, formula 2 becomes -

111.4
=5 + 1114 (4.)
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As in the case of formula 3, when the percentage of SO, is
very small and s is very large in proportion to # (as it
usually is), the formula becomes

111.4

r=—

By means of the following tables, the percentage of sul-

phur dioxide in burner and exit gases can be read directly
from the volume of water in the measuring jar.

(5.)

53. To calculate the yield of sulphur dioxide from the
difference in content of SO, in the entering and exit gases,
the following formula is used:

. 2a—26
Yle]d = m, (6.)
where a = the percentage of SO, in the entering gas;
b = the percentage of SO, in the exit gas.

CALCULATION OF VOLUME OF BURNER GAS

54. The general principles contained in Z/eorctical
Chemistry regarding corrections for temperature and pres-
sure and the corrections of gaseous volumes treated in
Physies, Theoretical Chemistry, and Quantitative Analysis
apply to burner gas. A rough approximation of the volume
of burner gas at 0° C. and 960 millimeters barometric pres-
sure, or at 32° F. and 29.92 inches barometric pressure may
be made as follows:

58. One liter of sulphur dioxide weighs 2.86336 grams, or
1 cubic foot weighs .1787 pound. Therefore, 1 pound of
sulphur burned in 24 hours produces 11.191968 cubic feet
of sulphur dioxide, or .0077722 cubic foot per minute; there-
fore, neglecting the sulphur trioxide formed,

(-77722 X actual available sulphur burned in 24 hours) _
average per cent. of SO, in burner gas produced

the cubic feet of burner gas per minute;
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TABLE FOR FINDING THE PERCENTAGE OF SO, IN BURNER
GAS WHEN USING 10 CUBIC CENTIMETERS OF DECI-
NORMAL IODINE SOLUTION (CALCULATED

BY FORMULA ?)

Cubic | cubic |
Per Centi- Per . Centi- Per
Cent. | meters || Cent. l meters ' Cent.
of SOs| of |lofSO." of | of SO,
Water . Water | :

O] ...l 32033t 0|l 5.5
1.0 {1,103.0 || 3.3 ' 327.0 || 5.6
1.1 11,0020 || 3.4 "' 317.0 || 5.7
1.2 | 917.0 || 3.5 ; 307.4 | 5.8
1.3 | 846.0 | 3.6 298.0 || 5.9
1.4 | 785.0|| 3.71 290.0| 6.0
1.5 732.0 | 3.8, 282.0 | 6.1
1.6 | 685.011 3.9 975.01 6.2
1.7 644.0 | 4.01 267.0 || 6.3
1.8 608.0,| 4.1 261.0 || 6.4
1.9 575.0 4.2 2500 6.5
2.0 | 546 0 || 4.3 248.0 | 6.6
2.1 519.0 || 4.4 242.0 | 6.7
2.2 [ 495.0 | 4.5 236.0 | 6.8
2.3 473.0 | 4.6 231.0 | 6.9
2.4 453.0) 4.7 226.0 | 7.0
2.5 435.0 | 4.8 221.0 1 7.1
2.6 | 417.0 4.9 | 216.0 7.2
2.7 1 402.0 || 5.0 | 212.01 7.3
2.8 387.0 | 5.1] 27.0 7.4
2.9 373.0( 5.2123.0 " 7.5
3.0!360.0| 5.3|199.01] 7.6
3.11 348.0 | 5.4 195.0 | 7.7

191,

Cubic l

Centi- |
meters
of
Water

188.
184.
181.
178.
175.
172.
169.0
166.
163.
160.
158.
155.
153.
150.
148,
146.
144,
142,
139.
137.
135.
134.

Per
 Cent.
. of .S‘Oz

-2 =2
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2.0

Cubic
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132.
130.
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125.
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122.
120.
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117.
116.
114.
113.
111.
106.
100.

95.

90.

86.

82.
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or, letting + = cubic feet of burner gas per minute at 0° C.;
a@ = available sulphur in pounds burned in
24 hours;
b = average percentage of sulphur dioxide in the
burner gas produced; -

then, r=" 7172; xea (7.)

TABLE VII

TABLE FOR FINDING THE PERCENTAGE OF SO, IN EXIT GAS
WHEN USING 10 CUBIC CENTIMETERS OF CENTI-
NORMAL IODINE SOLUTION (CALCULATED
BY FORMULA 4)

Cubic Cubic Cubic Cubic
Per | Centi- Per | Centi- Per Centi- Per | Centi-
Cent. | meters || Cent. | meters | Cent. | meters || Cent. | meters
of SO, of of SO, of | of SO, of of SO, of
Water Water : Water Water
.05 |2,226.9 .55 1 201.5 {|1.05 | 105.0 ||1.55 70.8
.10 |1,112.9 .60 | 184.6 {{1.10 | 100.1 ||1.60 68.5
.15 | 741.6 || .65 | 170.3 ||1.15 | 95.8 ||1.65 | 66.4
.20 | 555.9 7 158.0 (| 1.20 91.7 ||1.70 64.4
25 | 444.5 || .75 | 147.4 [|1.25 88.0 |1.75 62.6
.30 | 370.2 .80 | 138.2 |[1.30 84.6 {{1.80 60.8
.35 | 317.2 .85 | 130.0 (| 1.35 81.4 {[1.85 59.1
.40 | 277.4 .90 | 122.6 || 1.40 78.5 {11.90 57.5
45 | 245.5 .95 | 116.2 ||1.45 75.0 {[1.95 56.0
.50 | 221.7 || 1.00 | 110.3 || 1.50 73.2 {|2.00 54.6

For example, 10,000 pounds of available sulphur is burned
in 24 hours with the production of a burner gas containing
7.5 per cent. of sulphur dioxide, substituting in formula 7,

T2 X 10 _1,112.2
I - R A
= 1,036.3 cubic feet of burner gas per minute, containing -
7.5 per cent. of sulphur dioxide.
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This quantity of gas at normal pressure is corrected for a
temperature of, say, 60° F. or 15.6° L by the following
formula:

LV,
EYEX
V, = volume at the given temperature;

V, = volume at 0° C.;

¢ = temperature in degrees C. at Whlch volume is to be

V,=V, (8.)

calculated.
Substituting, V, = 1,036.3 cubic feet, ¢ = 15.6° C.,
V, = 1,036.3 4 &gﬁm = 1.095.5 cubic feet per
minute.

The approximate temperature at which the burner gas
leaves the common flue of a bench of burners is about
1,000° F., or, say, 538° C., and at this temperature the vol-
ume of burner gas produced as above would be 3,078.5 cubic
feet per minute. With gas containing only 5 per cent. of
sulphur dioxide, the quantities at 0° C. and 538° C. would be,
respectively, 1,554.4 and 4,617.6 cubic feet per minute.

56. 1t is evident, therefo}e, that great economy in the
size of the apparatus is effected by keeping the gas as
strong as possible; and also that in order to prevent
unnecessary obstruction in the flues and apparatus, atten-

tion must be given to designing them of suitable capacity.

to handle the volumes of gas in accordance with the 1pproxi-
mate temperature of the gas at the different stages of the
process.

THE CATALYTIC, OR CONTACT,
PROCESS
5%7. Preliminary Remarks Concerning Contact Phe-
nomena.—In considering the so-called contact phenomena
in chemistry, it must not be forgotten that contact is a neces-
sary condition for every chemical reaction. Other conditions
remaining constant, the rate of progress of a chemical
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reaction is accelerated by increasing the number of points of
contact. To insure complete reaction between solids, it is
necessary to reduce them to very fine powder and to mix
them as thoroughly as possible. These considerations may
throw some light on the large class of contact reactions;
that is, such as appear to proceed from the mere presence of
certain special substances. Porous or powdery substances
are very prone to act in this way, especially spongy or very,
finely divided platinum and charcoal. A number of other
substances, such as finely divided silica, act in a similar way.

Another consideration is the action, by contact, that two
substances rich in oxygen have upon each other, in that so
long as they are separate they retain their oxygen; but upon
contact oxygen is liberated from both of them. As, for
example, a solution of bleaching powder, which does not
evolve oxygen when heated by itself, but upon the addition
of a small quantity of certain oxides, for instance, cobalt
oxide, first oxidizes the cobalt oxide to a higher oxide, which
in contact with the bleaching powder decomposes into oxygen
and the lower oxide. This resulting lower oxide, on contact
with the bleaching powder, again results in the higher oxide,
which again gives up its oxygen and produces the lower
oxide, and so on

58. Theaction of nitrogen oxides in the chamber process
is noteworthy as showing that intermediate forms of reaction
may be found in the contact, orcatalytic, phenomena. In
this case a small quantity of nitrous oxide induces a definite
chemical reaction between large masses of sulphur dioxide,
oxygen, and water, forming sulphuric acid, the /,0, being
finally again liberated, as will be seen when considering the
chamber process.

In the case of the combination of sulphur dioxide and
oxygen by contact action, it is possible that either on account
of an electrical action induced by the contact, or for some
other obscure cause, a polarization or increased activity of
the oxygen in the air is procured, enabling it to combine
with the sulphur dioxide.
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59. Richter suggests that as all bodies having a high
heat of formation, and also those being decomposed at a high
heat, must have their heat of formation removed or con-
ducted away in order that their production may be at all
possible; the catalytic action of many metals, for example,
platinum, in this reaction, may be due to their conducting
off the heat; or else that the bodies in question forming a
galvanic chain, the chemical energy is removed as electricity,
just as in the union of hydrogen and oxygen at erdinary
temperatures due to the formation of a polarization current.

60. Contact Mass or Material Used in the Manu-
facture of Sulphuric Acld by the Contact Process.
Broadly speaking, there are four contact masses in com-
mercial use for the manufacture of sulphuric acid, viz.:
(1) Asbestos, clay, pumice, or other porous material impreg-
nated or coated with platinum. (2) Porous or fibrous
material as above impregnated with cupric sulphate (blue
vitriol). (3) Mass composed of crusts formed of an earthy
or alkaline water-soluble salt impregnated or coated with
platinum. (4) Ferric oxide (roasted pyrites).

For the first class of contact masses, where the platinum
is combined with a fibrous or porous material insoluble in
water, there are two principal methods of preparation, the
first being to add finely divided platinum (platinum black),
previously prepared, to the fibrous or porous material; and
the second, to add either a dry or liquid salt of platinum to
the inert material and then subject the mixture toa process
that will reduce the platinum.

61. The usual methods for preparing the first class of
contact masses are as follows:

1. The powdered fibrous or porous material is mixed with
platinum black, a combustible material required to secure
porosity (flour, bran, sawdust, cork dust, etc.), and an
agglutinative substance (gelatine, gum, etc.).

2. The fibrous or porous material is mixed with an oxide
or dry salt of platinum, a combustible material, and an
agglutinative. It is then dried and reduced by calcination.
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3. The fibrous or porous material is soaked in a platinum-
salt solution, reduced by one of the methods described in the
paragraphs immediately following, and after the addition of
the combustible organic matter and agglutinative, is molded,
dried, and calcined.

4. The fibrous or porous material is first impregnated
with a platinic chloride and then reduced by one of the
following.methods: (@) By plunging the saturated material
into a solution of ammonium chloride, ammonium-platinic
chloride (VH,),PtC/, is formed. The whole is then dried
and calcined. (4) By plunging the material into a bath con-
sisting of an alkaline solution of soda and of platinum
chloride containing sufficient sodium formate to reduce the
platinum, evaporating, washing, and drying. (¢) The mate-
rial saturated with platinum salts can be dried and submitted
to the action of hydrogen or of gas rich in hydrogen, such
as ordinary illuminating gas or even of hydrocarbon com-
pounds. (&) The following methods for the preparation of
platinum black may also be used.

62. Platinum black or finely divided platinum can be
made as follows: (¢) Platinic chloride Pr(/, is treated in a
concentrated potash lye with alcohol. Theresulting powder
is washed successively with alcohol, hydrochloric acid,
potash, and water. (/) Platinum sulphate can be reduced
by alcohol. (¢) By the calcination of a platinic chloride, as
calcium-platinic chloride Ca/Zt(C/,, or ammonium-platinic
chloride (.VH,),PtCl,. (d) By precipitating platinic chlo-
ride with zinc. (¢) By heating an ammoniacal salt of
platinum, mixed with shreds of cork, in an open crucible.
(f) By the reduction of platinic chloride with admixture of
sodium carbonate, sugar, etc. (g) If 50 grams of platinic
chloride be dissolved in 60 cubic centimeters of water and
70 cubic centimeters of a 40-per-cent. solution of formalde-
hyde be added, the mixture cooled, and then a solution of
50 grams of sodium hydrate in 50 grams of water added, the
platinum is precipitated. After washing with water, the
precipitate passes into solution and forms a black liquid



§ 27 SULPHURIC ACID 47

containing soluble colloidal platinum. If the precipitated
platinum be allowed to absorb oxygen on the filter, the tem-
perature rises 40° C. and a very porous platinum black is
obtained that vigorously facilitates oxidation.

Instead of the second class of contact material, some
manufacturers use cupric sulphate at a red heat as contact
mass. The salt is mixed into a paste with finely ground
clay, molded into the desired shape, and dried.

63. In the third class of contact masses (under the
Schroeder-Grillo patents), instead of the solid or integral
insoluble bases above referred to, use is made of the soluble
salts of the alkalies and of the alkaline earths, and of the
heavy metals, which salts, for the production of the contact
mass, are dissolved in water and then mixed with a solution
of the finely divided platinum salt, especially platinic chlo-
ride. It can be used in a solution so diluted that in
100 parts of the salt, serving as base or vehicle, less than
1 part of platinic chloride is sufficient. Even contact bodies
of .1 per cent., and less, of platinum contents are very
efficacious. This mixture of solutions is then evaporated
and the resulting salt crusts dried and broken up to about a
uniform granular size. The powder that is formed in this
reducing, or breaking-up, operation is dissolved afresh in
water and treated as before until all the material has been
converted into uniform granular size. The reduction of the
metallic platinum in the finest subdivision between the
molecules of the salts serving as vehicles for the platinum
takes place automatically upon heating. In practice, the
salts are always sulphates.

The technical advantage of this contact mass lies partly
in the simplicity of its preparation; in its activity, on
account of the extremely fine division of its platinum; and
on the relatively small quantity of platinum required, both
because of its fine division and because the base used also
possesses catalytic activity. It is also regenerated readily
and the platinum can be easily and completely recovered,
on account of the solubility of its base, or vehicle, in water.
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When ferric oxide, the contact mass of the fourth class, is
used, it is in the form of pyrites cinders (desulphurized iron
pyrites), and these cinders must be porous and fresh. One
advantage claimed for this mass is the removal of the arsenic
from the burner gas in its passage through the cinders. It
is also necessary to dry the air supplied to the roasting fur-
naces and to dilute the gas with further admissions of dry
air after combustion and before it passes through the contact
mass of cinders.

64. Frasch Converter.—A further elaboration of this
process is the Frasch converter, which serves to dispense
with the necessity for furnaces of special construction and
to render it possible to use the burner gas produced by any
furnaces of ordinary construction, including the gas from
roasting zinc blendes or pyrrhotites, or, in fact, any metal-
lurgical gas.

This converter is based on the fact that in comparison to
the amount of pyrites desulphurized to produce the sulphur
dioxide, a much smaller quantity of ferric oxide than the
ore produces will suffice to oxidize the sulphur dioxide pro-
duced to sulphur trioxide; so that the heat produced by
roasting the larger part of the ore can be avoided or regu-
lated by roasting the ore in ordinary burners and conducting
the burner gas, at a comparatively low temperature, to a
converter in which only enough pyrites is burned to main-
tain the proper temperature and at the same time produce
sufficient ferric oxide for the contact substance.

" 68. The Frasch converter, shown in Fig. 10, consists of
a steel cylinder a, similar to a cupola furnace, lined with
firebrick. Pyrites are charged into the converter through
the hopper 6 by means of the bell ¢. The ferric oxide is
discharged at the bottom into the double-valve hopper 4, so
as to prevent the admission of air during discharging.
This converter is on the down-draft principle. Air is
admitted through the pipes ¢ and the products of combus-
tion carried away through the pipes . When the furnace
is lighted and supplied with iron pyrites, a bed of burned
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pyrites (ferric oxide) is formed, in which there will be vari-
ous zones of temperature from the upper to the bottom
layer of its contents. These zones of temperature can be
largely governed by the quantity of pyrites charged to or
discharged from the furnace, but in any case a zone of fresh
ferric oxide of suitable temperature can be maintained in
the furnace at some point. Burner gas (containing sulphur
dioxide) from outside sources, whether ordinary pyrites
burners or metallurgical furnaces, are now admitted
through the pipe g, and in passing through the zone of
ferric oxide of suitable temperature, the sulphur dioxide is
converted into the trioxide.

66. Purification of Burner Gas.—The burner gas, as
it comes from the desulphurizing plant, always contains
some, and often many, impurities. Of these, flue dust,
hydrofluoric acid, arsenic, and selenium have a most detri-
mental effect upon the contact mass, partly chemical but
principally mechanical, as they tend to glaze over and
destroy the porosity of the mass, thus rendering it inert. It
is further desirable to prevent the formation of dilute sul-
phuric acid, and its corrosive effect on the apparatus and
connections, by at once extracting the sulphur trioxide and
moisture contained in the burner gas.

This can be readily accomplished by first passing the gas
through a tower constructed in every respect as a Glover
tower, which is described later, except that it is packed with
smaller pieces of quartz. This tower acts as a scrubber and
collects most of the impurities, at the same time cooling
the gas to a point where it will more readily deposit the
impurities still remaining, in the next purifying apparatus.
The heat of the gas also concentrates such weak acid as is
formed by the sulphur trioxide and moisture contained in
the gas, together with such additional water as may be
found necessary to run down the tower. A necessary pro-
portion of this acid, when concentrated sufficiently (to
62° Baumé), and separated from solid impurities by settle-
ment, may be used in the next apparatus to absorb the
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moisture driven from the first scrubbing tower. After
absorbing this moisture in its dilute condition, it is again
run over the first tower and again concentrated, together
with the new acid formed in the first tower. The unused
increment, ultimately representing the daily quantity of
sulphur trioxide contained in the burner gas, is, if pure
enough, passed on to be further strengthened by the addi-
tion of sulphur trioxide in the main part of the contact
plant. If impure, it is sold or used for purposes for which
it may be suitable.

6%. This first tower also serves another valuable pur-
pose, in that the heat from the burner gas concentrating
the dilute acid in the tower forms a considerable volume of
steam, which is intimately mixed with the burner gas pass- -
ing through it. This admixture with steam prevents the
formation of volatile hydrogen compounds of the impurities,
especially of arsenic, phosphorus, or their compounds, which
would otherwise be formed by the action of the concentrated
sulphuric acid on the metal of the coolers and the impuri-
ties, and which could only be removed with difficulty.

After passing through this first tower, the gas is taken
through a long connection to the bottom of a second tower,
through which it ascends, meeting a flow of sulphuric acid
of at least 62° Baumé (concentrated acid from the first
tower). This tower is constructed exactly like a Gay-
Lussac tower, which is also described later, except that it is
packed with very much smaller pieces of quartz or coke. In
this tower the gas is dried and deposits nearly all the
remaining impurities.

The burner gas is now passed through a tower of the
same construction as the last, but which is dry (neither
water nor acid being used) and serves as a final drying filter
and cooling apparatus.

68. Other Methods of Purifying the Burner Gas.
The above description of the tower system of scrubbing the
gas sufficiently discloses the various purifying operations
necessary. Other apparatus merely accomplish the same
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as may have been found most advantageous in each indi-
vidual plant, and with each special contact mass used, and,
of course, under any circumstances, between the tempera-
tures necessary to start the reaction and the dissociation
point of sulphur trioxide. The gas issuing from the contact
oven is now a mixture of sulphur trioxide, nitrogen, and
excess of oxygen, and, with a properly working process,
very small quantities of sulphur dioxide; and nothing
remains but to absorb or dissolve the sulphur trioxide in
water, allowing the inert nitrogen and oxygen to pass from
the apparatus into the htmosphere.

2. This is usually done on the principle of the reflux
cooler; that is, the gas is passed through or over and in the
opposite direction to that of a stream of water or weak acid.
Consequently, the strongest gas meets the strongest acid .
and the weakest gas meets the weakest acid, which more
readily absorbs it. As the absorbing apparatus is generally
of wrought iron, it is usual to start the process with acid
not weaker than 60° Baumé. '

The combination of sulphur trioxide and water is also
exothermic.

SO, + H,0 = H,SO,+39.2 Cal (Thomsen)

73. Diagram of Contact Process.—In Fig. 11 is shown
a diagram of the apparatus used in a sulphuric-acid plant
employing the contact process. The course of the various
materials and products is indicated by the arrows. A is a
bench of pyrites burners. The burner 'gas passes through
the flue @, to the first cleaning tower B. Weak sulphuric acid
is constantly flowing down this tower, becoming concentrated
by the hot burner gas and absorption of the sulphur trioxide
contained in the burner gas, and finally flows out at the bot-
tom into the cooler C at a strength of from 62° to 64°
Baumé. From the cooler C, the strong acid passes to the
tank D and is delivered by the pump D, to the storage
tank 7, or to the tank / over the second cleaning tower £.
A constant stream of strong sulphuric acid from the tank &
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is kept flowing down this
tower. In this tower, the
burner gas coming from
the top of 7 is further
cleaned and then passes to
the drying tower /; the
circulation of the gases
through the train of ap-
paratus is maintained by
the fan /. Before entering
the contact ovens, the
mixed gases are reheated
to the proper temperature
for the combination of the
sulphur dioxide and oxygen
in the reheater X.

74. The contact oven /.
consists of cast-iron rings
with perforated shelves, or
diaphragms, upon which is
placed the contact mass.

The sulphur trioxide
formed in the contact oven
now passes through the
absorption cylinders A7,
M, M, M. These are -
cylindrical iron tanks con-
nected in such a way that
the gas passes from end to
end, meeting the weak
acid flowing in the opposite
direction.  Both the gas
and the acid in A/ are
richest in sulphur trioxide,
while in .}/, the gas and
acid are weak, and such
weak acid absorbs sulphur
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trioxide most readily. The strong acid, which is ready for
the market as it comes from A/, is collected in the tank Q
and is delivered by the pump Q, to the storage tank R.
The gases coming from the last absorption tank M, con-
- tains still a small amount of unabsorbed sulphur trioxide.
In order to recover this, the gases are passed through the
tower NV, which is supplied with weak acid from the tank 2,
which absorbs the last traces of sulphur trioxide. The
nitrogen and oxygen remaining pass into the air through
the pipe 0. The tank car S receives acid for shipment from
the storage tank R,



SULPHURIC ACID

(PART 2)

THE CHAMBER PROCESS

INTRODUCTION

1. We have seen that the oxidation of sulphur, under
ordinary conditions, produces so much heat as to render
the existence of the trioxide possible only to a limited
extent, except in the presence of a third material possessing
so-called ‘‘contact” properties, such as pyrites, cinders,
spongy platinun, cupric sulphate, etc. Also, that some of
these so-called contact substances, while producing a chem-
ical reaction, remain themselves in the end unchanged, what-
ever intermediate reactions they may or may not have
taken part in. In some of the contact phenomena, such
intermediate reactions can be traced, or, at any rate, such
is the only way of accounting for them. In the case of
contact phenomena connected with the complete oxidation
of sulphur into the trioxide, it is apparently possible that
electrical action is set up, which permits the formation of
the trioxide either by converting the excessive heat into
another form of energy, or which renders the oxygen, free
or combined with the sulphur dioxide, more active. In any
case, the contact substance in the final result appears to
suffer no chemical, change or deterioration, but only the
inevitable mechanical loss in handling.

§ 28
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2. It will now be seen that the chamber process is in
nature a contact process, inasmuch as a definite chemical
reaction between large volumes of sulphur dioxide, oxygen,
and water is induced by a small quantity of nitrous oxide-
N,0,, which is recovered unchanged save for mechanical
loss; and yet without which the reaction would not have
taken place. In this case of contact action, however, the
intermediate reactions have been studied and are fairly well
understood.

When using the nitrous oxides as contact substance, or
oxidizer, of sulphur dioxide, the presence of water is abso-
lutely necessary and, consequently, only a hydrate or
solution of sulphur trioxide can be formed. If water were
not present, sulphur trioxide would be formed, but it would
combine with the nitrous acid to form nitrososulphuric acid,
or chamber crystals, (HO)(NO,)SO,. Water dissolves
these crystals, forming sulphuric acid and releasing the
oxides of nitrogen. Furthermore, water must be largely
in excess of the quantity required to produce the hydrate
H,S0,, as otherwise the oxides of nitrogen would be
absorbed and retained in the sulphuric acid; in fact, it
must be so much in excess as not to produce an acid
stronger than about 69 per cent. of the monohydrate (54° to
55° Baumé).

3. Reactions of the Chamber Process.—The follow-
ing explanation of the reactions that take place appears to
be the most rational and the one that coincides most closely
with the conditions of the actual chamber process.

(1) . SO,+ HNO,+ 0= (HO)(N0,)S0,
(@)  AHONNO)SO,+ H,0=2HS0,+ N,0,

If, in the above reactions, sulphur dioxide, nitrous acid,
oxygen, and water be simply taken in definite quantity, then
a definite quantity of sulphuric hydrate and nitrous oxide will
be formed according to the above equations. The reaction
would end and the excess of sulphur dioxide, if any, would
pass on unchanged; but in the presence of excess of air
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and water the nitrous oxide is converted into nitrous acid,
according to the following equation :

®) N0, + H,0 =2HNO,

which again combines, according to equation (1) with the
sulphur dioxide so long as the latter is present in sufficient
quantity.

Or, in the presence of excess of oxygen (air) and water
(vapor or steam), sulphur dioxide, nitrous acid, and oxygen
form nitrososulphuric acid (chamber crystals). This is
immediately decomposed by water into sulphuric hydrate
and nitrous oxide N,0,. The sulphuric hydrate con-
denses in the apparatus as a 'stable compound, while the
nitrous anhydride, with the water, forms nitrous acid, and
the above reactions are repeated until the sulphur dioxide is
practically all converted into sulphuric hydrate 4,50,

4, In addition to the above principal reactions, another
set of reactions appears to take place in the Glover tower
and the first part of the first chamber, that is, where the
sulphur dioxide is largely in excess, and in which the nitroso-
sulphuric acid is partially decomposed by it:. ’

(4) 2(HO)(VO,)SO, + SO, + 2H,0 = 311,50, + 2NO

the oxide thus formed combining directly with the sulphur
dioxide, oxygen, and water to form nitrososulphuric acid.

(5) 250, +2NO +30 + H,0 = 2(HO)(NO,)SO,

which is converted into sulphuric hydrate and nitrous oxide
according to equation (2).

If the above reactions could be started with the exact
quantities of nitrous acid, sulphur dioxide, water, and oxy-
gen necessary, it is evident, to secure a continuous process,
all that would be necessary would be to secure a continuous
supply of the exact quantities of sulphur dioxide, oxygen,
and water, and return to the beginning of the process the
nitrous oxide accumulated at the end of the process by
simply supplying any mechanical loss common to all com-
mercial processes.
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This is approximately what is done in the chamber
process. The nitrous oxide cannot, however, be returned
direct, as the oxygen, being supplied as air, carries with it
a very large proportion of inert nitrogen, which must be
gotten rid of. It becomes necessary, therefore, to separate
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the nitrous oxide from the inert nitrogen in such a way
that the /V,0, can again be made available and the inert
nitrogen wasted into the atmosphere.

Advantage is taken of the power of the stronger solu-
tions of sulphur trioxide from 60° to 66° Baumé, to absorb
and retain the nitrous oxide in fairly stable solution.
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6) 2HSO,+ N,0,=2HO)(NO,)SO, + H,0

In other words, nitrososulphuric acid is formed. When dis-
solved in a large excess of the sulphuric-acid solution, the
product is termed nitrous vitriol. ‘The nitrous anhydride so
absorbed can be set free, however, on dilution of the acid
and especially in the presence of sulphur dioxide. When
this nitrous vitriol is diluted, in the presence of sulphur
dioxide ‘at the beginning of the process, so as to set free the
nitrous anhydride and complete the cycle, the reaction is
represented by equation (4) above given. The diagram in
Fig. 1 shows the chemical reactions that take place duringa
complete cycle. To read it, begin at the center and follow
the direction of the arrows.

APPARATUS EMPLOYED IN THE CHAMBER
PROCESS

8. In the manufacture of sulphuric acid by the so-called
chamber process, the first essential piece of apparatusis a
sulphur or pyrites burner provided with some means of
nitrating the burner gas. Any of the burners previously
described may be used.

6. Nitrating Oven.—Fig. 2 (#) and (4) shows an attach-
ment to the burners by which nitrating by potting may be
accomplished. Fig. 2 (@) is a horizontal section through
the niter pots 4, and Fig. 2 (6) is a vertical longitudinal
section through one of these niter pots. The extreme end
of a bench of lump pyrites burners is shown at a. The
flues 4 from the burners enlarge into the niter ovens ¢, in
which are placed the cast-iron niter pots, or  pigs,” d.
The cast-iron dishes ¢ underneath the niter pots catch any
acid material boiling over from the pots and prevent its
penetrating the brickwork of the furnace. A cast-iron
hopper, or funnel, f provides for the introduction of niter
and- sulphuric acid into the niter pots, the acid being stored
in the tank g and conducted by a lead pipe and cock to the
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hopper. The common flue and dust chamber % leads to the
cast-iron flue 4, through which the gas is carried to the Glover
tower.

When the burnersare in operation, the pots & are supplied
with niter and a regulated amount of sulphuric acid added.
The fumes of nitric acid thus formed mix with the hot
burner gas and pass to the Glover tower. The sodium sul-
phate formed in the pots is removed through the cast-iron
neck 7, which is usually kept closed with a wooden plug, into
the cast-iron dishes 7. When cold and solid, it is broken up
and removed.

7. This method of nitrating by ¢ potting” is by no
means satisfactory, because it adds another element of
periodic irregularity to what should be a continuous- proc-
ess, and because, unless in the hands of careful and skilled
workmen, it is a wasteful and a dirty process. It is also
difficult in this way to supply the chambers with nitrous
oxide just in the quantity and at the time when it is
most wanted—that is, when something in the process is
going wrong. Sometimes, also, on account of faulty con-
struction, there is insufficient heat to decompose the niter
rapidly enough or else the heat is too great and too direct
and the sulphuric acid is evaporated before it has reacted
completely with the sodium nitrate.

Wherever, therefore, the size of the plant justifies the
manufacture of nitri¢ acid on a small scale or where it is in
any way possible, nitration should be secured by the use of
nitric acid run into the Glover tower with the nitrous vitriol.
This is accomplished by means of a small glass siphon from
the nitric-acid tank or carboy, fitted with a glass cock and
discharging from the cock into a glass funnel with a bent
neck, so as to form a seal or lute and fixed into the center
of the top lead of the tower. Tt does not matter how weak
or impure the nitric acid may be for this purpose; indeed,
in some works, the spent acid from the manufacture of
nitroglycerin is used, as the acid is almost instantly decom-
posed upon entering the tower.
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8. Glover Tower.—The apparatus in which the sulphur
dioxide, oxygen, and nitrogen of the burner gas are mixed
with the nitrous oxide V,0,, derived from the nitrous vitriol
used in this stage of the process, water vapor and the
nitrous fumes from the nitrating ovens, which after the
process is once under way is only sufficient to make up for
the mechanical loss, is known as the Glover tower. In
this tower, the gases and vapors are not only thoroughly
mixed, but the dilute sulphuric acid constantly flowing down
is both denitrated and concentrated by the hot gases, ren-
dering it strong enough to be again used for absorbing V,0,
at the end of the process.

9. The heat of combustion of the sulphur to SO, in
the furnaces is usually more than sufficient to concentrate
the whole of the make of chamber acid if entirely util-
ized to 66° Baumé, or to 93.5-per-cent. /. S0O,. In a well-
constructed plant, that is, where the heat is fairly well
utilized, the Glover tower will concentrate from one and one-
half times to twice the entire make of chamber acid to 60°
or 62° Baumé (62- to 80-per-cent. /7,50,), or, in other words,
this quantity of chamber acid can be used to dilute the
nitrous vitriol and will leave the Glover tower at 60° Baumé,
or over. Of course, if it is not desired to keep this amount
of acid in circulation between the Glover and Gay-Lussac
towers, the nitrous vitriol may be diluted in whole or in
part with water.

The temperature of the burner gas entering the Glover
tower will vary, of course, with the construction and length
of connections, but will average probably about 550° C.
The greatest possible temperature produced by the com-
bustion of sulphur will, of course, vary with the nature of
the raw material. Mendeléeff estimates the highest possible
temperature of actual sulphur burning in air to be 1,974° C.
and in oxygen 7,258° C.

10. The construction of the Glover tower is clearly
shown in Fig. 8. It consists of a circular brick-lined tower e
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covered with a lead sheathing p and lead pan o at the bot-
tom, and is filled to near the exit pipe g with a packing f

FiG. 8

consisting of broken quartz, the pieces being large at the -
bottom, but decrease in size towards the top. This packing
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rests upon the grill tiles &, which are supported by the
walls &. The tank / contains dilute or chamber acid, which
flows through the equalizer %, and the distributor /%, over
the top of the packing. On the other side is a similar
arrangement 7, 7,, and ¢, for the distribution of nitrous vit-
riol, which is strong sulphuric acid coming from the Gay-
Lussac tower, described later, and heavily charged with
nitrous oxide N,0,, this V,0, being set free on dilution
of the vitriol in this tower.

The burner gas enters the tower at the bottom by means
of the pipe @, which is surrounded next the tower by the
cast-iron cooling ring ¢, which prevents the heat from injur-
ing the lead sheathing next the pipe. The gas is distributed
through the gas spaces ¢ and passes through the grill
tiling up through the packing, coming in intimate contact
with the dilute acids from above, which are giving up V,0,,
and become mixed with the latter and also with steam
formed by the hot burner gas on the dilute acid. This
mixture of burner gas, nitrous oxide, and steam passes on
through the pipe ¢ into the first lead chamber.

As previously stated, the rapid evaporation of the moisture
concentrates the down-flowing acid considerably. The deni-
trated and concentrated acid having a strength of from 60°
to 62° Baumé is drawn off at ;; the lead-covered cast-iron
plate, or dish, 7 catches the acid or other leakage. Theexit
pipe 4 is for use when the tower is washed by flooding with
acid in too large quantity to pass through . The tower is sup-
- ported on' the foundation walls / and the I beams .

In dimensions, the Glover tower will average about 24 feet
in height and 12 feet in diameter.. The construction is
necessarily heavy, in order that it may withstand the high
temperatures.

11, Lead Chambers. — The thoroughly mixed gases
from the Glover tower containing nitrous oxide N,0, and
water vapor are allowed to pass to the chambers in which
the oxidation of the sulphur dioxide to trioxide and the for-
mation of sulphuric hydrates takes place. These chambers
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are usually three in number, of greatly varying dimen-
sions, but average between 50 and 100 feet long by from
20 to 30 feet wide and 20 to 30 feet high. They are con-
nected together in series, the communication between them
being comparatively small. The construction of the cham-
bers is shown in Figs. 4, 5, 6, and 7.

Fig. 4 is a side elevation, showing the method of framing.
The chamber building is built on posts #’ upon which are the
corbels # supporting the stringers /. The joists »' are laid
on these stringers, and upon these are laid the sills a of the
chambers. The posts & and the intermediate uprights ¢ are
erected upon the sills and stiffened by the braces 4. The
crown tree ¢ surmounts the posts and intermediates, and on
this the top joists g are laid. The floor of the chamber is
covered with sheet lead, so as to form a pan whose edge is
shown at 2. The edge of the lead curtain forming the inside
lining of the sides is shown at/. The end wall of the cham-
ber t.uding is shown at o'.

12. In Fig. 5 (a), (4), (¢), and () is shown the method of
attaching and supporting the lead lining. Fig. 5 (a) shows
the method of cutting the lead straps for supporting the lead
lining. Fig. 5 (6) shows the top joists g with the lead
straps # attachéd, the lower ends of the straps being burned
to the top lead m. TFig. 5 (¢) is a plan of the top, showing
the inethod of fitting the lead lining into the corners. The
top lead m is supported from the top joists g. The crown
tree is at ¢. A long horizontal strap 4 is nailed to the crown
tree and supports the side lead at the top where it is
attached to the top lead. The attachment of the top and
side leads is best shown in Fig. 5 (¢), which is self-explana-
tory.

In Fig. 6 (@), (4), and (c), further details of the attach-
ment of the side and pan lead are shown. Fig. 6 (a) shows
a horizontal section through the posts & and the uprights ¢
at a corner, showing the attachment of the side straps /to
both posts and lead. Fig. 6 (§) is a side elevation towards the
bottom of the chamber, showing the method of attaching
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the sides of the lead pan 7 by rolling the top over the strip .
Fig. 6 (¢) is a vertical section through a side, showing the
relative positions of the side lead ; to the pan z.

This pan is kept about two-thirds full of acid and at all
times the curtains or sides should dip at least 2 inches into
the acid. When it is desired to draw acid from the cham-
bers, it is done by means of the arrangement shown in section
in Fig. 7. A pipe o is burned into the bottom of the cham-
ber; the entrance to this pipe is protected from the wash of
the flowing acid and a stratum of cool acid is kept on the
bottom by means of a loose lead ring p, which may be
removed when it is necessary to entirely empty the chamber.
The pipes from two or more adjacent chambers meet in the
cylindrical lead boot ¢g. This boot is provided with a lead
plug 7 or valve and seat communicating with a pipe s lead-
ing from the chambers to a tank or wherever it can flow by
gravity. The entrances ¢ to the boot from the chambers
can also be plugged, so that acid can be drawn from either
chamber or both, and the level in the two chambers can be
regulated as desired.

SURFACE CONDENSERS

13. Immediately on the entering of the gas into the
chambers, the formation of sulphuric acid commences.
This acid is formed as a very fine mist. This mist gradu-
ally and slowly settles on the sides and bottoms of the
chambers. As the gas leaves the first chamber it is very
advantageous to condense this mist of already formed acid
that it contains, so as to leave the gas free to enter into
renewed activity upon entering the second chamber. The
same thing may be said of the gas leaving the second cham-
ber and entering the third chamber. Many proposals have
been made to secure condensation at these points.

14. Lunge Condenser.—Lunge has introduced what he
calls plate columns for this purpose, consisting of a lead
tower, or column, fitted with flat, perforated, earthenware
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18 '~ SULPHURIC ACID § 28

plates in layers one above the other and about 2 inches
apart. A stream of chamber acid is run over the plates.
The. perforations are so arranged that the acid in dropping
through the perforations of one plate splashes upon the solid
part of the plate below it and is thus broken into spray, up-
on meeting which the gas is cooled and deposits its mist of
contained acid. This apparatus, therefore, may be con-
sidered as a type of spray condenser, similar to the well-
known form used in steam engineering.

Fig. 8 shows the Lunge type of spray condenser. The
gas is admitted at a into the lead-lined box 4, whence it
passes through the perforations in the plates ¢, ¢, meeting the
stream of acid supplied by the distributors & and lutes e.
This acid, together with the condensed mist contained in
the gas, is collected in the pan fand either run back into one
of the chambers or conveyed by lead pipe to storage. The
gas passes on to the vent chamber 7 and through the col-
lecting pipes g, £,, £., £,, and the main pipe 4.

15. Gilchrist Condenser. — The Gilchrist pipe col-
umns consist of an oblong tower, or column, of lead
pierced in its smaller diameter by a series of lead pipes open
to the air at each end. The lead column is surrounded by a
wooden breaching and flue in such a way as to cause a cur-
rent of air through these pipes, thus tending to keep them
cool. The gas passing through this column is cooled by
contact with these pipes and the acid mist is condensed on
them. This apparatus may therefore be considered a type
of air-cooled surface condenser. .

Fig. 9 shows the Gilchrist air-cooled surface condenser.
The gas is admitted at @ into the lead box . This box is
pierced by numerous lead pipes ¢, ¢, ¢, open at both ends.
The acid mist contained in the gas is condensed on these
pipes and the comparatively cool surfaces of the lead box
and runs to the bottom of the box 4, whence it is carried to
a chamber, or storage, by a pipe 4. The gas then passes
through the collecting pipe ¢ to the vent chamber. The
lead box is surrounded by a wooden breaching, so that the
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air entering g from below is drawn through the lead pipes
¢, ¢, c into the breaching ¢’ and thence to the draft pipe f,
thus tending to keep the apparatus cool.
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16. The Falding Condenser.—The Falding surface
condenser consists of a series of lead pipes surrounded by
water as the cooling medium. They are arranged in such
a way as to secure a maximum efficiency with a minimum
use of water. This apparatus may therefore be considered
as a type of water-cooled surface condenser.

Fig. 10 shows the Falding water-cooled surface con-
denser. In this condenser, the entering gas is broken up
into a number of small streams through lead pipes ¢, a, a, a.
These pipes dip almost to the bottom of a series of water-
cooled lead pipes &, &, of larger diameter, with closed bot-
toms. The annular space between these pipes contains a
strip of lead, which forces the gas to return in a spiral
through acid to the top of the annular space, whence it
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§28 SULPHURIC ACID 21

passes through pipes ¢, ¢ into the next chamber or into a
header or manifold and thence into the next chamber. The
condensed acid mist runs from the apparatus at &.

17. Other Condensers.—Many manufacturers use sim-
ple lead towers filled with quartz, brick, or special earthen-
ware shapes. These towers do not take sufficient account
of the necessity for cooling, and while they are efficient to a
certain extent, they are not sufficiently so when their cost
relative to an equal amount of chamber spaces is taken into
consideration.

If all operations have been properly conducted, the gases
coming from the last lead chamber are practically free from
sulphur dioxide, and consist of inert nitrogen, the excess of
oxygen, and nitrous oxide /,0,. This latter gas, if freed
from the other two gases, may be used over again as
an oxidizer for more sulphur dioxide. This separation
depends on the fact that nitrous oxide N,0, is readily
absorbed by concentrated sulphuric acid forming the
so-called nitrous vitriol, while the other useless gases are
unabsorbed. The apparatus in which this absorption takes
place is called the Gay-Lussac tower.

18. Gay-Lussac Tower.—This piece of apparatus is in
construction very similar to the Glover tower, but dif-
fers from it in that it is of somewhat lighter build. Its
height is greater, the average height being about 50 feet, and
its diameter is somewhat less, being about 8 to 10 feet.

The details of the Gay-Lussac tower are shown in Fig. 11.
The brick walls ¢ are of light weight and are covered with a
lead sheathing p. Under the brick bottom is the lead pan o
resting in the lead-covered cast-iron dish #. The tower is
supported on the I beams sz by the foundation walls /.

The filling £ is of broken quartz, coarse at the bottom but
becoming finer at the top, as in the Glover tower. The
tank /% contains strong, 62° Baumé, sulphuric acid, which
flows through the-equalizer 7 and the distributors s over the
top of the packing.
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During operation, the mixed gases from the chambers
enter at the bottom through the pipe @, pass through
the gas spaces ¢ in the supporting wall 4, and up through
the grill 4 into the packing material. As the gases ascend,
they come in contact with the descending concentrated
sulphuric acid, which absorbs the N,0,. The unabsorbed
gases pass through the pipe g into the air or, more com-
monly, into a second Gay-Lussac tower, which absorbs any
N,0, that may have escaped absorption in the first tower.
The nitrous vitriol is drawn off at the bottom of the tower
at 7. The exit £ is for flushing purposes.

The nitrous vitriol coming from the Gay-Lussac tower is
pumped to the tank over the Glover tower and is used in
the Glover tower, where it gives up its V,0,, which again
passes through the system.

19. Diagram of Chamber Process.—The disposition
of the various pieces of apparatus already described and the
cause of the various materials and products is indicated in
the diagram shown in Fig. 12. Reference to this diagram
will enable one to keep a general idea of a plant in mind and
better understand the process as the details are dis-
cussed.

In the figure, A is a bench of pyrites burners, niter oven,
etc. The burner gas is conducted through the pipe & to
the Glover tower £, where it meets the dilute acids and
oxides of nitrogen. The fan / carries the gases through the
pipe 7 to the first chamber X, where oxidation of the sulphur
dioxide takes place, thence to the second and third cham-
bers M and N, through the flues 7, and ¢, and surface con-
densers L and L,. Theacid drained from the bottom of each
chamber and the condensers is collected in the tank R,.

The pump S, of one of the styles shown in Figs. 13 and 14
delivers this acid to the tank /|, over the Glover tower, or
to the storage tank U, whence it goes to the tankcar V. The
strong acid coming from the Glover tower is collected in
tanks Q and R, and is delivered by the pump S, to the
tank /A, over the second Gay-Lussac tower /> and to the
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storage tank U,. The gases from the last chamber V are
conducted through the pipe 7, to the first Gay-Lussac
tower O and thence to the second Gay-Lussac tower /7,
their flow being maintained by the fan /.. The exhausted
gases pass to the atmosphere at 7. The nitrous vitriol from
the first Gay-Lussac tower is collected in the tank R, and
is delivered by the pump S, to the tank // over the Glover
tower. The nitrous vitriol from the second Gay-Lussac
tower, containing but little V,0,, is collected in the tank R,
and-is delivered by the pump S, tothe tank /7, over the first
Gay-Lussac tower. In different works, this scheme varies
somewhat in detail, but not in its essential points.

20. Acld Pumps.—In both the catalytic and chamber
processes, it is necessary to transfer large volumes of acid
from one part of the works to another. This is done by
means of pumps of peculiar construction, some of which are
designed to act automatically, so as to give a continuous
flow of acid. Two styles of pumps, the Kestner automatic
and Monteju's acid egg, are here described.

21. Kestner Automatic Pump.— This apparatus,
shown in Fig. 13, is automatic and works continuously; it is
constructed of cast iron for strong acid, but is lead lined for
weak acids. It is operated by compressed air. The acid
chamber is connected by the vertical pipe & with the valve
box ¢, which must be placed higher than the tank supplying
the apparatus, so that in no case acid can rise within a foot
or two of it. Acid is admitted from the supply to a
by means of the pipe & and check-valve ¢. The float f con-
nected with the counterbalanced compressed-air valve g
by means of the rigid rod /Z running inside the vertical pipe &
and stuffingbox ¢, is raised by the inflowing acid until it
opens the compressed-air valve g. The compressed air from
the pipe /communicating with 7at s flows through the pipe &
into the acid chamber a, driving the acid up through the
pipe % to a receiving tank; for instance, on top of a tower.
As soon as chamber « is empty the float falls, closing the air
valve, and the operation is repeated. The air valve and
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float are so balanced that the total movement of the rod
does not exceed {4 inch. The great advantage of this appa-
ratus is that it insures a steady flow of acid (which can be
accurately controlled) over the towers.

3

Fi6. 13

22. Monteju’s Pump With Acid Egg.—This pumping
arrangement is illustrated in Fig. 14. The tank A contain-
ing the acid communicates at ¢ with the receptacle or
‘“‘egg” G by means of the pipe 4, the flow being controlled
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by the globe valve ¢. The plug valve &' is merely auxiliary,
and should not be relied on, as it can only with difficulty be
made to withstand the back pressure. The check-valve &
is used under ordinary circumstances. This valve permits
the flow of acid into the egg until the acid rises to the level
of the valve, which, when the compressed air is let into the
egg, immediately seats itself and prevents the air from for-
cing the acid back into tank A.

Compressed air is admitted to the egg by means of the
pipe /' and the valve f. The pipe % controlled by the
valve 7 delivers the acid from the egg to the splash box ; of
the distributing tank /. When air is admitted to the egg,
as it cannot pass valves & and ¢, and valve ¢ being open, it
forces the acid to a height of from 50 to 100 feet through /
into the splash box 7, which is a lead-lined box with two
openings, through the lower of which the acid escapesinto j”,
an open part of the tank, and thence through the exit » into
a receiving tank on top of the towers and an upper opening
of large area, whereupon the air escapes into the atmos-
phere without splashing the acid over things. The exit »
from ;' into another receiving tank is provided in case the
egg is used for pumping two kinds of acid, the plug being
simply moved from 7 to s and a branch connection to a
second supply tank being inserted at o, the flow of acid from
either supply tank into the egg being then controlled by
plugs &'.

OPERATION OF THE CHAMBER PROCESS

%3. If the reactions involved in the chamber process
have been understood, the importance of extreme regularity
both as to volume and composition, of the supply of the
substances entering into these reactions will appear obvious.
For, although the process involving these reactions is a con-
tinuous one, and in fact more especially on this account,
if loss is to be avoided and success attained, the supply of
the necessary ingredients must be as exact as if the proc-
ess were an isolated reaction involving the complete union
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of carefully weighed proportions. The materials in ques-
tion are: (1) A constant stream of burner gas of uniform
volume and percentage of sulphur oxides and free oxygen.
(2) A uniform supply of finely divided water or water vapor
of constant tension. (3) A uniform supply or circulation
of nitrous vitriol containing a constant percentage of nitrous
oxide NV,0,. (4) A uniform supply of nitric oxide or
acid for making good the oxides of nitrogen lost in the
process (mechanically or otherwise).

It is only by careful watchfulness, honest work, and proper
management, together with a rationally constructed plant,
that a near approximation can be ‘made to the requirements
as to absolute uniformity called for. When, however, such
approximation is reached, the difficulties cf the chamber
process disappear and the operation will proceed month
after month with little, if any, variation, and with uniform
results.

24. Conditions in the Glover Tower.—The burner
gas, having an average temperature of about 550° C., in
passing from below through the Glover tower meets a finely
divided stream of nitrous vitriol 24,80, + N,0, greatly
diluted with chamber acid or with water, or both, and often
carrying with it nitric acid, sufficient to supply the loss
inevitable in the process amounting from 1.5 to 3 per
cent. (The consumption of oxides of nitrogen is always
given in terms of percentages of sodium nitrate NVa/VO, cal-
culated on the available sulphur burned.) This stream of
mixed acids enters the top of the tower at from 40° to 50°
Baumé, according to the degree of concentration and deni-
tration required and the concentrating efficiency of the
tower. The hot, moist, sulphurous gas drives off the nitro-
gen oxides in the upper part of the tower, and as it
descends to the lower and hot zone, the water is expelled
from the dilute acid as steam. The acid is thus concen-
trated to from 60° to 62° Baumé, or in special cases to
64° Baumé, or even to 66° Baumé and flows from the
tower, while a stream of gas containing a mixture of oxides
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of sulphur and nitrogen, steam, oxygen, and nitrogen,
passes over to the first chambers.

25. Conditions in the Chambers.—The gas thus enter-
ing the first chamber contains all the clements necessary
for the production of the hydrate or solution of sulphur tri-
oxide and in a condition of maximum activity. At this
point, the percentage of sulphur oxides is greatest, the free
oxygen is in greatest excess, and the oxides of nitrogen VO
and /V,0, are such as possess the most powerfully oxidizing
effect. The temperature of the gas (80° to 100° C.) is also
conducive to an active-reaction.. Therefore, it is at this
zone of reaction that one would naturally look for a large
make of acid, and such is actually the case, for between the
Glover tower and the first forty feet of the first chamber, .
with all the elements and conditions of the process at their
best, from 60 to 80 per cent. of the whole acid is made.

26. In a properly constructed plant, that is, a plant con-
sisting of rightly proportioned Glover tower, chambers,
and Gay-Lussac towers, a sufficient quantity of nitrogen
oxides should be supplied to the gas by means of the Glover
tower to raise the temperature of the reaction (as shown by
the thermometers penetrating the sides of the chambers,
say at a distance of 25 feet from the end that is nearest the
Glover tower) to from 95° to 100° C. This, of course, does
not apply to the oxides of nitrogen supplied to the system
to replace the mechanical loss, but to the nitrogen oxides
recovered at the end of the process and gradually accumu-
lated as nitrous vitriol (nitrososulphuric acid dissolved in a
large excess of 60° to 62° Baumé sulphuric hydrate or solu-
tion) and which is run over the Glover tower in dilute form
to again utilize its contained oxides of nitrogen. The
oxides of nitrogen so stored may be termed »iter in circula-
tion, and it is evident that, according to the quantity of
this nitrous vitriol of uniform percentage contents of nitro-
gen oxides accumulated, put into circulation at the Glover
and recovered at the Gay-Lussac towers, so will be the ratio
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of active nitrogen oxides to the sulphur oxides at this crit-
ical initial point; i. e., the Glover tower and first part of
the first chamber.

2%. Provided always that the towers are properly pro-
portioned to fulfil their functions of denitration and absorp-
tion (or recovery), it is desirable to accumulate and put into
and keep in circulation about 20 per cent. of niter (by niter
is meant oxides of nitrogen calculated as nitrate of soda
NaNO, on the available sulphur burned). This will secure
an active process at the beginning and a rapid oxidation of
the gradually lessening percentage of oxides of sulphur
after the first active zone has been passed, owing to the
large excess of active oxides of nitrogen in the chamber
gas, and, consequently, a rapid change of these oxides of
nitrogen to nitrous oxide N,0,, in which form it is capa-
ble of being at once absorbed in the Gay-Lussac tower.
This will, on the other hand, prevent the process becoming
sluggish and slow, with the consequent danger of sulphur
dioxide escaping into the Gay-Lussac tower unoxidized,
where it will decompose and so prevent the complete absorp-
tion of the nitrous oxide by the sulphuric acid, which takes
place according to the following equations:

N,0, + 2H,S0, = 2(HO)(NO,)SO, + H,0
2HO)(NO,)SO, + SO,+ 2H,0 = 8H,S0, + 2NO

The oxide VO will not be absorbed, but passes with
the inert nitrogen into the atmosphere. It will also avoid
(by at once absorbing from the process) the danger of the
N,0, being changed to NO, or even to nitric acid ANO,,
when in the first case it would be lost as stated above, or
in the second case it would not only be lost but would
rapidly destroy the lead of the apparatus and contaminate
the acid made.

28. After the first 40 or 50 feet of travel of the gasin the
first chamber, the temperature indicated by the side ther.
mometers will rapidly diminish. This would naturally be
expected as the reactions become less intense, on account of
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the lesser proportion of sulphur dioxide contained in the
gas, and also its greater diffusion in the chamber and its
saturation with a mist of already formed sulphuric hydrate.
The length of the active zone, of course, varies according to
the volume of burner gas passed into a chamber of any given
size, and also to the intensity of the first reactions, depend-
ing on the proportion of nitrous vitriol kept in circulation;
but sooner or later, and generally within the first 60 feet,
the reactions, as indicated by the thermometers, will become
sluggish and will so continue until the gases have been thor-
oughly mixed and the various elements brought into more
intimate contact by passing them through a pipe connection
and in their mixed condition allowing them to again expand
in a second lead chamber. For this reason, it is now usual
in the United States to limit the length of the first chamber
to from 50 to 75 feet.

29. Where a positive method of controlling the currents
of a gas (such as the use of fans, etc.) exists, it is preferable,
in the case of large volumes of burner gas being handled, to
divide the gas between two or more first chambers of lim-
ited length, so as to secure a large zone of great activity
rather than an extended zone of rapidly diminishing activity
or sluggish reaction.

The condition of the gases at the end of the first cham-
ber, or after the zone of great activity, is such as to call not
only for a thorough mixing but also for a cooling and a con-
densing of the mist of acid already formed. Radiation of
heat from the surface of the chambers, while very consid-
erable, is not sufficient by itself to conduct away the heat of
the active zone so as to secure the best results. The tow-
ers, surface-, air-, and water-cooled condensers and plate
columns employed have already been described. These
apparatus, by bringing the gases again into intimate con-
tact, also undoubtedly start the reactions into renewed
activity.

30. The second chamber in a properly proportioned set
and with sufficient nitrous vitriol in circulation (in other
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words, with a sufficiently active process) will almost entirely
oxidize the remaining sulphur dioxide, so that with or with-
out further surface condensers between the second and the
third chamber, the oxidation will be completed at once on
entry into the third chamber, which then acts merely to dry
and cool the gas, now consisting of inert nitrogen, the excess
of oxygen, and nitrous oxide, and render it fit for absorption
in the Gay-Lussac towers. For cooling and drying the gas,
a long pipe connection between the last chamber and theGay-
Lussac tower is of great advantage; it can, however, be
replaced by a surface condenser of any of the types pre-
viously mentioned.

In this description of the passage of the gas through the
sulphuric-acid plant, it must be remembered that while the
gas enters the chambers containing a large proportion of
water vapor derived from the concentration or evaporation
of the dilute acid supplied to the Glover tower, this water
is rapidly absorbed by the formation' of the sulphuric
hydrate and precipitated to the pans of the chambers.

More water, either as finely divided spray or as steam,
must be added. Steam is the usual medium employed,
either low-pressure steam (20 pounds per square inch) or
exhaust steam from a neighboring engine, or both.

31. Admission of Steam to the Chambers.—It is
well to have sufficient points of admission for the steam,
either on the top or sides of the chambers, each point being
supplied with an indicating valve, so that the steam may
ultimately be supplied just at such points and in such quan-
tities as experience may show to be the best in each individ-
ual case, and under varying conditions of conducting the
process. Just as it is with the burner gas and the supply of
nitrogen oxides, so must the flow of steam to the process be
in every respect uniform. To secure this, the steam pipes
must be well covered and trapped and the main line sup-
plying steam to the branches must be supplied with steam
gauges and an efficient reducing valve, which must be con-
stantly watched and kept in order. The arrangement of
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the steam-pipe connections is shown in Fig. 15. The main
supply pipe # is laid between the chambers, the vertical
pipe z extending from it to the top and having branches v
to the chambers right and left. The lead terminal pipes x
enter the chambers by means of the hydraulic lutes y, which
are ordinary water seals. At mis the toplead of the cham-
ber. The indicating valves w serve to regulate the flow of
steam to the chambers. If steam is admitted to the sides
of the chambers, the lead terminal pipes enter the side
leads or curtains through specially constructed stuffing-
boxes.

With uniformity in the supply of gas, nitrogen oxides,
and steam, and a draft subject to proper control once
started, the chamber process becomes continuous and simply
requires careful watching to maintain the regularity of the
conditions. A careless burner man, by admitting too much
air to the furnaces and thus reducing the percentage of sul-
phur dioxide in the burner gas, or a careless tower man in
sending an irregular flow of nitrous vitriol over his Glover,
will very quickly destroy the harmony of the reactions and
too quickly disarrange the process to such an extent that
first the supply of nitrogen oxides in circulation and then
the sulphur dioxide itself will be pouring out into the atmos-
phere and the process will have resolved itself into the
same, or almost the same, conditions, the acid maker has to
confront when ‘‘starting up his chambers” or, in other
words, at the beginning of everything.

32. Starting the Chamber Process. — This part of
the operation requires the exercise of care and judgment,
and it will take from 24 hours, where fans are used, to three
or four times as long before the process is normal. The
Glover tower, with its massive packing, absorbs much heat,
and it will take considerable time for it to reach a tempera-
ture at which it will perform its double functions of denitra-
tion and concentration in a satisfactory manner, more espe-
cially as the acid that must be run into it from above has a
constant cooling effect. At the same time, the Gay-Lussac
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towers become’ saturated with sulphur dioxide, which
prevents the proper absorption of the nitrous oxide, and
the formation, consequently, of a stock of nitrous vitriol
for the Glover tower. These difficulties, of course, are
exaggerated where no stock of 60° to 62° Baumé acid or of
nitrous vitriol is on hand, and where the process has to be
started with a supply of chamber acid alone (or even of
water), as is generally the case in an isolated chamber
system.

When such is the case, the chamber pans must be filled
with sufficient acid of from 50° to 54° Baumé to form a
hydraulic lute with the curtains or side and end sheets of
the chamber lead.

A small quantity of acid must be run down the Glover
tower until the packing is thoroughly moistened, and the
Gay-Lussac towers should also be supplied with acid.
Whether nitrogen oxides are to be supplied by ¢ potting,”
or by the direct use of nitric acid on the Glover tower,
arrangements must be made that will enable an abnor-
mal amount to be used until such time as the towers
are working properly and the stock of nitrous vitriol for
circulation is secured. It will be advisable, au first,
to supply an amount of nitrogen oxides equal to at
least 8 or 10 per cent. of sodium nitrate, on the available
sulphur.

The burner gas is then turned into the Glover tower and
the chamber system. At first and until the Glover tower
is performing its functions properly, it will be necessary to
supply steam to the first part of the first chamber. This,
however, will have to be done with extreme caution, as too
great an excess of water is likely to cause the formation of
nitric acid ANO,, which will cause the rapid deterioration
of the chamber lead.

33. As the Glover tower gets hotter it will concentrate
the limited amount of acid with which it is supplied, to
about 60° Baumé, and the quantity of acid can then be
gradually increased. This stronger acid is at once supplied
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to the Gay-Lussac towers, which will then commence to
absorb a little nitrous oxide; with patience and watchful
care matters will gradually assume a normal condition.
A sufficient stock of nitrous vitriol having been accumulated,
and the steam admission, pumping arrangements, and the
flow of acid over the various towers regulated, {'ie extra
niter supply will be reduced to a point where it is just
sufficient to supply the daily loss and maintain the circula-
ting supply of nitrous vitriol intact. The acid concentrated
by the Glover tower should test 62° Baumé at 60° F.
(66.4-per-cent. SO,). Such part of it as is intended to be
run over the Gay-Lussac towers should be run from the
Glover tower into a cooler and cooled as thoroughly as the
temperature of the cooling water will allow. It is then
pumped to the supply tank on the second Gay-Lussac tower,
where it meets with the gas just leaving the system and
poorestin /,0,. It will run from this tower containing vary-
ing percentages of nitrososulphuric acid, and is known as the
first, or weak nitrous vitriol. Itis then pumped to the first
Gay-Lussac tower, or the tower nearest to the last chamber,
where it meets the gas strongest with /,0,. Sufficient acid
should be supplied to these towers to permit a nitrous vitriol
containing 2.5 to 3 per cent. of /,0, to run from this first
tower. This second, or nitrous vitriol, proper, "is then
passed to the stock tanks for nitrous vitriol, an exactly equal
amount, both in quantity and percentage of N,0,, being
taken from the stock tanks and pumped to the top of the
Glover tower and run down the tower together with a suffi-
cient stream of weak sulphuric acid to dilute it sufficiently
to secure denitration and also to secure its concentration in
the Glover tower to 62° Baumé.

34. All well-equipped plants are now being built
with two Gay-Lussac towers, both because in this way it is
possible to secure sufficient cubic capacity without undue
height or diameter, and because if, for any reason, the proc-
ess becomes irregular (‘‘goes back ") and sulphur dioxide
gets into the first tower, decomposing the nitrous vitriol,
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then the second tower will still absorb and to a consider-
able extent take up the work which the first tower is doing
badly, the first tower, in the meantime, assuming the func-
tions which should have been performed by the last chamber.
In this way, time is secured to find out just where the
trouble is and remedy it before much harm is done. If,
however, the trouble is not found and remedied, the sulphur
dioxide will gradually get into the second tower and the
process will be ‘‘lost,” or in other words, with the excep-
tion that the Glover tower is hot, the acid maker will have
to proceed as in starting up the system.

35. It must be borne in mind, and too great emphasis
cannot be given to the statement, that when the chamber
process begins to go wrong, i is on account of a break in the
uniformity of the supply of the various elements. Either the
burner gas is richer or poorer in sulphur dioxide, the nitrous
vitriol is poorer in nitrous oxide on account of the acid
supplied by the Glover tower being weaker than 62° Baumé,
or too much or too little steam or higher or lower pressure
steam is being supplied. When such irregularity is noticed,
the acid maker must at once increase the flow of nitrous
vitriol from his stock over the Glover tower. He will then
immediately test his burner gas, nitrous vitriol, steam, etc.
until he finds where the irregularity is occurring. This
remedied in time, the process will rapidly become normal
again and the increased supply of nitrous vitriol may be
cut off gradually, in the meantime more 62° Baumé acid
being run over the Gay-Lussac towers so as to recover
as far as possible the nitrous vitriol temporarily taken
from stock.

As the activity of the chemical reactions going on in the
chambers is proportional to the heat produced by them, it is
plain that in a regular normal process the temperature at
the most active and least active zones will bear a constant
ratio to one another, so long as the process is regular; this
fact affords a very delicate indicator of the regularity of the
process.
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36. If a chamber thermometer, placed in the side of the
first chamber about 20 feet from the entrance of the gas
from the Glover tower, that is, in the zone of greatest activ-
ity, registers 100° C., and a thermometer placed in the side
of the second chamber, or a zone of lesser activity, regis-
ters 70° C., when the process is at its best and working with
absolute regularity, the difference between the two readings
represents the relation between the greatest and lesser
activity of that process when normal. If these tempera-
tures vary so as to disturb tkis differcnce of 30° C. so little
as 1° C., it is time for the acid maker to investigate his
process and find out what is wrong. This will often enable
him to save serious disturbance in his process before it has
manifested itself in any other way. It must be noted that
it is a disturbance of the difference or ratio, however, and
not of the actual temperatures. The zones of most and
least active reaction ebb and flow slightly in the cham-
bers so that the actual readings of the thermometers may
both be a degree or two higher or lower at various times of
the day and especially at various seasons of the year.

In addition to the temperature readings, the manometer
also affords a delicate test. Manometers registering the
tension of the contents of the first and last chambers will
show a constant difference of pressure when the process is
regular and constant; such difference once determined when
the process is at its best will be maintained so long as nor-
mal conditions prevail.

As a guide to the proper supply of steam at various zones
of the process, drip pans are placed on the sides of the
chambers, which enable a sample of the acid forming on the
sides of the chambers to be taken and tested with the hydrom-
eter and otherwise examined. This acid, being taken from
the cool sides of the chambers, contains more water than
the average of the acid being formed in the chamber. This
difference is about 3° Baumé. A curtain or side drip read-
ing of 50° Baumé would, therefore, represent approximately
an average formation of 53° Baumé acid 2z that portion of
the chamber.
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37. Curtain Drip.—For taking these samples the device
shown in Fig. 16 is employed. To the curtain or side lead
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is attached an inclined lead trough a about 4 feet long. At
its lower end is attached the pipe 4, which passes through the
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curtain /, and is bent so as to form a lute or seal. Acid
caught in the trough a runs through the pipe 4 and drips
into the funnel %, communicating with the hydrometer jarc.
This jar, together with a rack for the hydrometer, etc.,
stands in a lead tray & from whose bottom the drip pipe g
leads to the chamber pan £ As acid is constantly dripping
into % and overflowing from ¢, the acid in ¢ varies according
to that forming in the chamber, and hence tests of this give
a fair indication of the condition of affairs in the chamber at
that point.

Different acid makers prefer to keep the drips of the dif-
ferent chambers stronger or weaker. This is within cer-
tain limits immaterial. The acid in the first chamber, in
spite of the large amount of water supplied by the Glover
tower, will rarely fall below 52° Baumé. The acid formed
in the chambers should, however, never be allowed to get
strong enough to absorb and retain more nitrous anhydride
than is absolutely inevitable, especially in so far as such
chambers are concerned from which acid is withdrawn from
the system. This strength will also be about 52° Baumé,
and the .tendency to absorb nitrogen oxide will increase
with every degree Baumé above this point. Nor, on the
other hand, must the acid get so weak as to permit
the formation of nitric acid in the chambers. This
strength will be about 45° Baumé. Therefore, the acid
formed in the chambers must in no case be weaker than
44° or 45° Baumé, nor should it be much, if any, stronger
than 52° Baumé. :

Although the drips are highly useful adjuncts in con-
trolling the chamber process, samples of the bottom
acid should also be taken at intervals, and in each
individual chamber the acid maker must learn in this
way to compare the actual strength of the acid formed
in the chambers as he finds it with the strength of
the acid as shown by his drip tests. Such tests of the
bottom acid are most satisfactory when taken from a
tank that has been filled with acid drawn off from the
chamber.
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THE PURIFICATION OF CHAMBER ACID

38. General Remarks.—In addition to the impurities
brought into the process with the burner gas, as was previ-
ously mentioned, some of which will not travel beyond the
Glover tower, chamber acid will contain sulphates of lead
derived from the slow deterioration of the lead apparatus,
and also small quantities of nitrogen oxides and even nitric
acid. From a commercial standpoint, the impurities that are
most injurious are the arsenic and selenium compounds and
even distillation will not entirely eliminate these, unless
special precautions are taken. They will pass over into the
products made from acid contaminated with them (for
example, into muriatic acid and cajcined salt cake made
from salt and arsenical sulphuric hydrate). If acid con-
taminated with arsenic or selenium is used for ¢‘ pickling
sheet iron or wire, preparatory to galvanizing or covering
the sheets with zinc, tin, or lead, the galvanic action set up
in the dilute acid bath will cause the arsenic or selenium
to precipitate and become deposited on the iron sheets,
which will prevent the adhesion of the zinc, tin, or lead,
and result in *‘ blistered "’ sheets.

39. Most other impurities, especially lead or iron sul-
phates, will separate in the tanks by sedimentation, or, at
the worst, will produce a discoloration of the acid that does
not unfit the acid for most commercial purposes. Fortu-
nately, very few of the metallic sulphides contain selenium
except in minute traces. Practically all the metallic sul-
phides contain arsenic, and many of these best adapted
otherwise for sulphuric-acid manufacture contain it in con-
siderable quantity. Arsenic, therefore, is the principal
impurity of chamber acid, and on account of its poisonous
characteristics, it becomes especially necessary to eliminate
it. When sulphuric hydrate is used for refining crude
petroleum, or for the manufacture of mixed acid for making
nitroglycerin, arsenic is not detrimental, or at least the
manufacturers do not object to arsenical acids. The arsenic
contained in the enormous quantities of sulphuric hydrate
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used in the manufacture of superphosphates and fertilizers
may even be of advantage in destroying insects, etc.; but
for other purposes, and especially for processes connected
with the manufacture of food products, its elimination
becomes absolutely necessary. If the manufacturer is not
prepared to thoroughly purify his product from arsenic and
intends it for the general market, or for galvanizing,
food products, or other similar purposes, then he must limit
his choice of raw material, often to his great disadvantage
as to cost, to such raw materials as are practically free
from arsenic (as brimstone, some few of the iron bisul-
phides, etc.). If his ores contain only a little arsenic, he
can sometimes obtain a.fairly pure acid from the second
chamber, using the acid produced in the Glover tower and
first chamber for purposes less exacting of purity; this,
however, is a dangerous makeshift.

40, Purification From Arsenic.—As all methods for
the purification of acid from arsenic are based on its precipi-
tation and ultimate removal by sedimentation, it is evident
that this operation must take place when the acid is of least
density; in other words, while it is still chamber acid (50° to
52° Baumé) and before further concentration.

This statement must, howexer, be qualified in regard to
such manufacturers of 66° Baumé and extra-concentrated
acid who are equipped to manufacture such acids by distil-
lation, as will be hereafter described.

In many metallurgical plants, where the acid is a by-
product and the principal value is in the metallic contents
of the metallic sulphides, and in cases where the cheapness
or other advantages outweigh the disadvantage of consider-
able arsenical contents in the raw material, the w/hole output
must be treated for the elimination of the arsenic.

41. Freiberg Process for Removing Arsenic.—Where
this is necessary, the only practical process is a modification
of what is known as the Freiberg process. This process
depends on the conversion of arsenious oxide into arsenious
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sulphide by means of sulphureted hydrogen gas, the precip-
itation taking place according to the following equation:
As,0,43H,S = As,S,+3H,0. Assulphureted hydrogen will
decompose strong sulphuric acid as follows, 34,S + H,S0,
=4H,0 +2S,, it is better to purify the acid as little over
50° Baumé as possible. By this process it is stated that at
Freiberg, acid containing as high as .14 per cent. of arsenic
can be purified until it contains only .0002 per cent. of

.arsenious oxide 4s,0,.

42. In chemical works, where sulphate of ammonia is
prepared from the gas /iguor of illuminating gas works, the
sulphureted hydrogen is a troublesome by-product, but can
be made readily available for purifying the acid in the Frei-
berg process. It contains, however, some pyridine bases
that must first be eliminated if acid of good color is required.
If this source of sulphureted hydrogen is not available, then
it must be prépared by treating iron sulphide with dilute
sulphuric hydrate FeS + H,50, = FeSO,+ H,S. The iron
sulphide may be prepared in a simple little furnace by heat-
ing scrap iron or rails with brimstone. On the large scale,
however, it can be very cheaply produced in a cupola fur-
nace by smelting pyrites fines or inferior pyrites with sili-
cious slag.

The iron sulphide so produced is broken into rather large
pieces and filled into a generator, where it is treated with
any available dilute sulphuric acid, such as is often produced
about an acid works from the washings of tanks, tank
cars, etc., and too dirty for general commercial purposes.
These generators are all made on the same general plan
(practically that of Kipp's apparatus, but they are con-
structed out of lead, wood, and iron, and are often made
large enough to hold a charge of iron sulphide sufficient
to last several weeks.

43. Frelberg Sulphureted Hydrogen Generator.—A
simple and efficient generator for sulphureted hydrogen is
shown in Fig. 17. It consists of a cast-iron generator A with -
flanged top and manhole %4 and an acid reservoir ¢. This
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generator, as well as reservoir ¢, is lined with lead. The
generator is partially filled with iron sulphide & through
the manhole 4 and the tank with weak sulphuric acid. The
acid will then flow from the reservoir ¢ to the generator A,
and on coming in contact with the iron sulphide will form
sulphureted hydrogen. The valve ¢ and pipe are for carry-
ing away the hydrogen sulphide; when the valve ¢ is open,
the hydrogen sulphide passes constantly away; when ¢ is

F1G6. 17

closed, the pressure in A rises until the acid is driven back
into the tank ¢, and the evolution of hydrogen sulphide
practically ceases. The weight of the acid in reservoir ¢
being carried by the pressure in A4, upon opening the valve ¢
the acid again flows into A and generation of gasrecom-
mences. A cleaning ventis provided at f, from which the iron
sulphate can be removed when the acid is spent—i. e., entirely
converted into iron sulphate—and g is a screen of perforated
lead.
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44, Precipitation of the Arsenic.—The chamber acid
is then run by gravity into a series of gas-tight lead-lined
boxes or tanks. Each box in the series is provided with a
perforated coil of pipe in the bottom connecting on the out-
side with the main supply pipe for sulphureted hydrogen and
a valve controlling the admission of the gas; it is also con-
nected at the top by means of pipes and valves with every
other box in the series, in such a way that the gas may be
made to pass through any one of the boxes first and then

.consecutively through the others; and, also, that any one of
the boxes may be disconnected temporarily from the series.
In this way, in a series of, say, four boxes, when the acid in
box 1 has had sufficient treatment by the gas, it may be cut
out and boxes 2, 3, and 4 remain. When box 2 has been
treated sufficiently, then boxes 1, 3, and 4 remain in operation.
The box so cut out is allowed to settle as long as necessary.
The precipitation of arsenic sulphide has then taken place to
such an extent that the upper stratum of acid, amounting
to three-quarters or even more of the whole contents, may
be decanted or drawn off by a siphon in a pure state, requir-
ing no further treatment. The rest of the acid containing
the precipitated arsenious sulphide must be filtered.

45. Each series of boxes is provided with two simple
gravity filters, which consist of lead-lined boxes filled with
broken quartz or sand of graduated sizes. The impure acid
is run by means of a pipe and valve on to one of these
filter beds, from which it will emerge practically free from
arsenic. When-one filter becomes foul the other filter is put
into commission and the foul one cleansed by the removal of
the arsenious sulphide from its surface.

The exit gas pipe from the last box of any one or more
series of boxes enters the bottom of the tower shown in the
construction. Just sufficient acid is run into this tower to
prevent the escape of any sulphureted hydrogen that has not
been absorbed in the boxes. The apparatus for the precipi-
tation and filtration of the arsenic -sulphide, together with
all pipe connections, is illustrated in Fig. 18 (@) and (8).
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The main pipe @ brings sulphureted hydrogen from the
generator shown in Fig. 17. The branches and valves &,
b,, b,, and b, communicate with the gas-tight, lead-lined
boxes C,, C,, C,, and C,, and the perforated coils d,, etc.

The acid pipe line ¢ is for filling the boxes C,, C,, C,,
and C, with chamber acid by gravity, fitted with branches
and valves ¢, ¢,, ¢,, and ¢,.

The return gas pipe f collects the hydrogen sulphide
remaining after it has percolated through the acid in the boxes
and conveys it to tower G. It is fitted with branches and
valves f,, f,, /,, and f,. _

The tower G is packed in various ways, and a stream of
weak arsenical acid runs down through it, meeting the weak
hydrogen sulphide not taken up by the arsenical acid in
boxes C,, C,, C,, and C,. This stream must be regulated to
completely utilize the hydrogen sulphide and prevent its loss
into the atmosphere. The tower is fitted with acid supply
line %, tank £, and distributor £,.

The filters / and 7, are used alternately. A blow case or
acid egg / is used for pumping the purified acid to the storage
tanks.

After a box is sufficiently treated with hydrogen sul-
phide the gas valve is closed and the manhole opened. The
box is then allowed to stand for from 12 to 24 hours, when
the arsenic sulphide will be found to have settled to such an
extent that about three-fourths of the contents of the box
may be decanted off by means of a siphon and passed direct
to storage. Theremaining quarter is drawn through pipe £
and branches £,, £,, £,, and £, into whichever one of the filters
happens to be in commission. This filter strains out the
arsenic sulphide, permitting the purified acid to run through
pipe /into the pumping apparatus, whence it also passes
to storage. The tank is then again filled with acid and
another tank cut out for treatment.

46. Stahl Method for Removing Arsenic.—For the
purification from arsenic of comparatively small quantities
of acid, Doctor Stahl's method is very satisfactory. The
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acid is diluted to 40° or 42° Baumé heated to 80° C., and a
solution of barium sulphide of 8.3° Baumé is run in at the
bottom of the vessel in such a way that no hydrogen sulphide
escapes. The arsenic trisulphide is filtered off on a sand bed
placed on a layer of quartz lumps, and in this way the arsenic
will be reduced to .01 per cent., but as the acid on standing
in the filter again takes up a little arsenic, it is treated with
gaseous hydrogen sulphide and is thus reduced to .005 per
cent. arsenic.

Arsenic may also be precipitated as a sulphide by means
of the sulphides of sodium, calcium, iron, and ammonium,
and by sodium and barium thiosulphates, but for most pur-
poses these substances are objectionable either on the
ground of cost or because they leave objectionable impurities
dissolved in the acid treated.

CONCENTRATION OF DILUTE ACID SOLUTIONS
AND THE PRODUCTION OF SULPHURIC
MONOHYDRATE

4%. The acid solutions resulting from the reactions of
the chamber process consist (1) of chamnber acid aver-
aging about 50° Baumé, rarely over 52° to 54° Baumé, and
often diluted for purpose of purification as low as 40° Baumé;
(2) of acid concentrated to 60° to 62° Baumé by the heat of
the burner gas in the Glover tower.

The concentration of these two products varies materially
and must be separately considered.

48. Concentration in Lead Pans.—The first concentra-
tion of the dilute chamber-acid solutions, varying from
40° to 54° Baumé, which come under the first class above, is
always effected in shallow lead pans. Concentration in lead
can only be made to 60° Baumé or slightly over, as the lead
pans are rapidly acted on by hot acid of greater strength.
The evaporation is carried on in these pans by means of
(@) waste heat; (4) direct heat applied either (¢) above or
(d) below the pans, derived from coal, coke, natural or pro-
ducer gas, oil or petroleum, tar, or applied as steam.
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Practically, except in special cases, steam is not found sat-
isfactory and the benches used are of two varieties, viz.,
those in which the heat is passed over and those in which
the heat is passed under the pans.

Pans used to be placed over the brlmstone burners, utili-
zing the heat of combustion. When pyrites began to take
the place of brimstone, the pans were still placed above the
burners. This practice is now almost entirely done away
with, partly because of the large amount of dust involved
by the use of pyrites and partly because of the trouble
caused by leaks from the pans saturating the costly masonry
of the furnaces with acid and of the difficulty of repairs to
the pans when so placed, but principally because the intro-
duction of the Glover tower utilizes the waste heat of the
furnaces to much better advantage. Fig. 19 includes a pan
bench arranged to be fired from below.

The dilute solution flows continuously through the pan
bench in quantity to insure its leaving the bench a uniform
density of about 60° Baumé. This acid must now be further
concentrated, either in glass, porcelain, or platinum. After
the acid reaches a strength of 64.5° Baumé, it may be further
and finally concentrated in iron stills or the final concentra-
tion may be made in glass or platinum. Below this strength
(64° to 65° Baumé) it acts too strongly on the iron. The
concentration in porcelain cannot be carried beyond about
65.5° Baumé.

49. Concentration in Platinum, or Partly in Plati-
num and Partly in Iron.—In Fig. 19 is shown a bench of
platinum pans or stills 7, 0, and ¢, also the bench of lead
pans ¢, f, and g, in which the preliminary concentration is
made.

Platinum stills of circular or oblong shape with rounded
corners are made of many different patterns; some are
provided with platinum covers; some have water-cooled
leaden covers or hoods, as in Fig. 19. The principle, how-
ever, is the same in all; they are practically evaporating
kettles for continuous service, provided with an inlet and



astgd

6L ‘o1
(]




8 28 SULPHURIC ACID 51

exit for the stream of acid and with means for eliminating
and condensing the steam or weak distillate. During the
gentle evaporation of these dilute hydrates in the lead pans,
little but water, in the shape of steam, is driven off; after the
solution reaches a density of 60° Baumé, more and more of
the hydrate is driven off with the water; when the solution
reaches a density of 66° Baumé (93.5-per-cent. /,50)), the
distillate will attain a density as high as 60° Baumé (77.6-per-
cent. //,50,). When the solution in the pans containsin the
neighborhood of from 95- to 98-per-cent. /,50,, the distil-
late will have a density of 66° Baumé (93.5-per-cent. /,50)).
Much of this distillate is too weak for a reconcentration. It
is sometimes run into the drain, but should be used for dilu-
ting the nitrous vitriol on the Glover tower. The apparatus
shown in Fig. 19 (a) and (4) is continuous in its operation.

The fireplaces a, 4, and ¢ communicate with the common
flue 4. This flue at one end is arched over with ¢‘ pigeon-
hole” or open brickwork, permitting the fire gas to pass
into ¢, under and from end to end of a lead pan ¢. The
heated gas returns under lead pan f through flue /7, and
then passes through flue ¢’ under lead pan g to the stack.

Chamber acid is run into lead pan g, whence it flows to
pan f and thence to ¢, from which it passes by platinum
pipe % to platinum dish 7, covered by a lead water-cooled
hood ;. The steam and acid vapors escape by pipe £ into
water-cooled condenser / and thence into the small condens-
ing tower M. Acid then flows from platinum dish 7 by
platinum tube 7 into platinum dish o, provided with water-
cooled lead hood and exit to condenser. From platinum
dish o the acid passes through platinum pipe p into platinum
dish ¢, also provided with hood and exit to condenser. As
the acid leaving ¢ will have reached a strength of from
64.5° to 65° Baumé, an iron dish is often substituted for
platinum dish ¢g. The acid then runs through platinum
pipe 7 into cooler S, and thence to storage.

50. Concentratjon in Iron.—Different manufacturers
have different views as to the material best suited to this
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final concentration.
Iron, if properly cast
and of suitable com-
position, is but little
acted on by acid of
64.5° Baumé, and it
is, of course, very
much cheaper than
platinum. On the
other hand, for the
manufacture of the ex-
tra concentrated acid,
from 97- to 98-per-
cent. /.50, or 79- to
80-per-cent. SO, iron
is also more suitable.
Hot acid stronger than
94 - per -cent. /1,50,
acts strongly on plat-
inum, but has very
little action on iron.
In this country final
concentration in iron
may be said to be the
rule and the practice
is rapidly gaining
ground in Europe.

51. Concentration
in Glass Retorts or
Stills.—This practice
is practically obsolete
in the United States,
but the following de-
scription of the ap-
paratus sometimes
used will be of interest.
In Fig. 20 (@) is shown
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a side view and section of the furnaces and retorts, and
Fig. 20 (4) shows an end view of the same. The glass
retorts ¢, ¢,, and ¢, are arranged in steps as shown. The
acid from the pan bench flows by gravity through the
pipe a and funnel 4 into the highest retort ¢. The over-
flow from ¢ flows through the pipe f to ¢, and so on down
the series; the concentrated acid from the last retort c,
flows to the cooler //, from which it can be drawn by
means of the pipe z. The weak distillate is carried through
the ‘“ goosenecks” d, d,, and d, to the vapor flue . A
separate fire is maintained under each retort in the fire-
boxes j, 7,, and j,. At 4, #,, and £, are the ash-pits. The
flue / carries the fire gases to the stack. In case of breakage
of retorts, their contents are carried off by means of the
conduit .

B52. Concentration in Porcelain or Glass Beakers or
Dishes: Systems of Negrier, Webb, Levinstein, and
Others.—The principles involved in all these systems of .

Fic. 21

concentration are very similar, and, generally speaking, are
merely modifications in details of construction. The acid
flows continuously from dish to dish or beaker to beaker.
The firing is done from below and the acid vapor is carried
away by a separate flue. Fig. 21 shows the Negrier
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apparatus and illustrates this method of concentration.
All these methods, however, are open to the objection
that it is very difficult to prevent the escape of acid fumes
into the air.

The operation of the Negrier apparatus shown in Fig. 21
is as follows: Pan acid from a flows through conduit 4 into
the first porcelain dish ¢, and so on by means of the lip
on the dishes from one dish to the otherc¢,¢, . . . . ¢, until
the strong, concentrated acid reaches the conduit &, through
which it is taken to a cooler and the storage.

Heat is provided by fireplace ¢. The products of com-
bustion pass under the porcelain dishes until they reach the
flue f and are carried to the stack. The distillates and
water vapor pass through the flue g and are carried to a
suitable condensing apparatus or to the stack.

53. Concentration by the Kessler Process.—This
method consists of the direct use of heated air or fire gas for
evaporating the water from dilute sulphuric-acid solutions.
The current of hot gas produced from a coke fire or pro-
ducer is brought into immediate contact with the dilute
acid. In this process, the following conditions must be ful-
filled: The current of hot air or gas must be brought into
contact with a sufficiently’ large surface of acid to imme-
diately and considerably reduce its temperature. The air
or gas must then be completely saturated with steam and
acid vapor. The apparatus must not only be able to resist
* the action of hot acid and acid vapors, but must be so con-
structed that the crusts and deposits formed can either be
readily removed or will not interfere with the efficiency of
the apparatus. Under these conditions, the acid can be con-
centrated at a temperature far below its botling point. In
order to produce acid of 95-per-cent. //,50,, boiling at
284° C., the temperature need not exceed 170° to 180° C.;
for the most highly concentrated acid boiling at 320°, a tem-
perature of 200° to 230° C. will suffice.

B84. The Kessler still is shown in detail in Fig. 22 (a), (4),
and (¢). Apart from the coke fireplace a, the apparatus is
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divided into two parts, respectively, the saturator ¢ and the
recuperator @. The hot air enters the saturator at about
300° C. to 450° C. and leaves it at 150° C. The acid mist or
vapor passing out of the saturator is retained in the recu-
perator, which acts as a dephlegmating or distilling
column.

Fig. 22 (a) is a longitudinal section through the whole of
the apparatus. A large coke fire in the furnace @ supplies
the hot air that passes through the flue 4 to the satu-
rator c.

The saturator is constructed of lava (from the town of
Volvic in France) with deflecting plates in such a way as to
bring the hot gas into close and immediate contact with a
large surface of acid, thus securing immediate reduction in
temperature and saturation of the gas with the steam and
acid vapors formed. The acid vapors contained in the
gases leaving the saturator are recovered in the recuper-
ator d. . -

The recuperator &, shown enlarged in Fig. 22 (¢), is a
dephlegmating column, also constructed of Volvic lava. It
is supplied with weak acid. In the recuperator the gas
leaving the saturator at 150° C. is reduced in temperature
to 85° C., at which temperature all the acid vapor contained
in the gas is condensed, while the steam or water vapor
passes out of the apparatus at ¢. The concentrated acid
passes from the apparatus at finto the cooler g.

The solutions can be concentrated to 98-per-cent. 4,50,
and Glover tower acid can be used. The fuel used to con-
centrate 100 parts of 95-per-cent. //,SO, from 54° Baumé
or 68.25-per-cent. H SO, is stated to be 8 parts of small
gas coke for the hot-air producer and 3 or 4 parts of coal
for power for the exhauster. No weak acid is made, and
the product is clear and free from nitrogen compounds; no
cooling water is required; the apparatus takes up little room
and requires little repair.

858. Concentration and Distillation, Starting With
the Glover Tower.—It has already been stated that the
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heat produced in the desulphurizing furnaces is sufficient, if
properly conserved, to concentrate the whole of the acid
made in any chamber plant to 66° Baumé.

This can be done in the Glover tower if the tower is con-
structed so as to stand the action of the hot, concentrated
acid. There are, however, two drawbacks to this plan.
The first is the impure condition of the concentrated acid,
which thus contains most of the impurities of the burner
gas, rendering it fit commercially for only a few purposes, and .
the second drawback is the danger of the Glover tower under
these conditions not performing its denitrating function
properly. The latter objection can be overcome in several
ways. Two towers can be placed one above the other, the
burner gas passing from the lower to the upper tower. The
upper tower denitrates the nitrous vitriol and supplies a
stream of hot acid from 58° to 60° Baumé to the lower
tower, the function of the lower tower being simply one of
concentration. If two chamber systems are near to each
other, as is often the case in a chemical plant, then the
Glover tower of one system may be employed as a deni-
trator and the Glover tower of the other as a concentrator;
the burner gas from the two towers, the one intensely
nitrous and the other not nitrous, being thoroughly mixed
with a fan and passed on and distributed by the fan
to the two-chamber systems. In this case all the nitrous
vitriol is run down the ore tower and denitrated, the result-
ing denitrated acid of 60° to 62° Baumé being concentrated
to 66° Baumé in the concentrating tower.

The drawback of impurity, however, still remains, and
except when an unusually pure metallic sulphide is used as
raw material, the acid is only fit for limited use.

56. A modification of this plan, however, has now been
in use at several works for some years, producing a very
pure acid at a very low cost. This consists in denitrating
and concentrating the acid in a suitably constructed Glover
tower until it has a density of 64.5° Baumé, at which point,
it will be remembered, hot acid attacks irom but little.
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This acid, with the full
heat imparted to it by
the Glover tower (170° to
200° C.), is run from the
tower directly into a large
cast -iron still (about
8feet X 2feet X 6 inches).
This still has a cast-iron
cover and is so set in the
brickwork of the fire
that the fire gas plays all
around it. In this still
it is rapidly concentrated
to about 95 - per-cent.
H. S0, or some degree of
strength  higher than
93.5-per-cent. 7,50, (66°
Baumé). The 95-per-
cent. 4,50, acid is then
run into a connecting
iron still, also completely
surrounded with the fire
gases. In this still it is
further concentrated toa
very impure 98-per-cent.
HSO, As nearly all
the 98-per-cent. H,50,

.acid made in this country
is made for the manufac-
turers of nitroglycerin,
who do not call for a pure
acid, and as after being
mixed with nitric acid to
make the so-called mixed
acid, in which form it is
sold to manufacturers of
nitroglycerin, it is usu-
ally filtered to remove
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solid impurities, the impure condition of this acid is of little
moment. The important fact is that the distillates produced
by these two stills, respectively, are pure distillates of 60°
Baumé and 66° Baumé, both of which are commercial solu-
tions largely used in the arts in this country. Furthermore,
as the acid runs hot from the Glover tower to the first iron
still, means are taken to add very small quantities of ammo-
nium-sulphate solution, .1 to .5 per cent. on the 66° Baumé
acid produced. This not only destroys any nitrogen com-
pounds remaining in the strong, hot acid, but also converts
the volatile arsenious acid into non-volatile arsenic acid,
which therefore either remains in the stills or the 98-per-cent.
concentrate and does not pass over with the distillate of
66° Baumé and 60° Baumé acid.

The apparatus employed in this method of concentration
is shown in Fig. 23 (4) and (4). The Glover tower 4,
Fig. 23 (), is connected by the platinum pipe, or nozzle 4,
and the platinum box and tube ¢ with the first iron still 4.
In this still the acid is concentrated to a strength higher
than 93.5-per-cent. /4,50,, generally to about 95-per-cent.
H.S0,. The distillate from this still will average about
60° Baumé.

The acid from the first still & flows to the second still f
through the pipe ¢. In this still the acid is concentrated
to 97.5-per-cent. ,SO,. The distillate passing out at g
averages about 66° Baumé. The concentrated acid finds
an outlet through the pipe /% into the cooler /. A longi-
tudinal section of one of the stills is shown in Fig. 23 (a).

857. Lunge Freezing Process for the Production of
Sulphuric Monohydrate.—The solution employed should
contain at least 97-per-cent. A,SO,, and in order to obtain
a good yield of monohydrate should be stronger. The solu-
tion is first cooled and then charged into the iron cells of
an ordinary ice plant. When the solution in the cells is
properly frozen, the cells are dipped in. warm water to
detach the frozen solution from the sides of the cells.
The frozen mass is then crushed and passed to a cast-iron
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centrifugal separator, in which the crystallized mass of
monohydrate is separated from a solution of about 94-per-
cent. //,5S0,. The pure crystal monohydrate is then melted
in a water-jacketed enameled pan and run into carboys or
other packages.

58. By the above methods is produced the Strongest
acid which it is possible to produce by the chamber process.
For obtaining the monohydrate or stronger solutions of SO,,
we have already seen that the old Nordhausen process has
been replaced by the contact process.

859. The diagram, Fig. 24, shows the various methods of
manufacturing and concentrating sulphuric acid, and also
the relations of the several processes of manufacture.

A very useful function of the contact process is as an
adjunct to an existing chamber process, where it can be
used for strengthening the solutions of sulphur trioxide pro-
duced in the lead pans or the Glover tower, thus repla-
cing the concentrating plant or enabling a stronger acid to be
produced than is possible by concentration, and at the same.
time increasing the capacity of the plant.



ALKALIES AND
HYDROCHLORIC ACID

(PART 1)

CHEMICAL METHODS

SODIUM CHLORIDE

OCCURRENCE OF SALT

1. Sodium chloride, or common salt, as the raw
material from which practically all the compounds of sodium
as well as hydrochloric acid, chlorine, and bleaching powder
are more or less directly made, easily stands foremost in its
importance to the human race among the substances occur-
ring in nature. Fortunately it occurs in large quantities in
the ocean, it issues from the earth in many places as brine
from salt springs, and most important of all, it occurs in
large solid beds in almost all countries.

SALT FROM SEA WATER

2. The average amount of solid material in the Atlantic
Ocean is about 34 grams per liter, of which a little more
than three-fourths is salt, while the remainder consists

§ 29
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of chlorides, bromides, iodides, and sulphates of potas-
sium, magnesium, and calcium. The Pacific Ocean con-
tains about the same amount of solids of approximately
the same composition, while various inland seas range
from comparatively dilute to saturated solutions. Table I
gives the composition of the more important large bodies
of salt water.

TABLE I
Atlantic Ocean. | Pacific Ocean. Medxt;::nean
Per Cent. Per Cent. Per Cent.

Solid salts....... 3.63 3.50 3.37

HO........... 96.37 96.50 96.63
SoLip CONTENTS:

NaCl.......... 77.03 73.96 " 77.07

KCl. .......... 3.89 2.48

CaCl,..........

MgCl,......... 7.86 13.19 8.76

NaBr )

JlIgBr, f e 1.30 1.01 .49

CaSO,......... 4.63

MgSo,........ 5.29 4.63 2.76

KSO,......... -3.18 8.34

CaCoO, 8

MeCO,§ " . 3.85 .10

Salt is obtained from sea water either by evaporating the
water by means of the heat of the sun or by freezing out
the water; for it would not pay to use fuel for evaporating
such a dilute solution. For this purpose a low, level shore is
selected and a series of basins are hollowed out and lined
with beaten clay, which keeps the water from soaking away.
The brine is kept circulating from one of these basins to the
next until the sun’s heat and the hot wind has concentrated
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it to the crystallization point, when it is allowed to stand
until about 50 per cent. of the salt has crystallized out. The
remainder of the brine, which contains so much magnesium
salts that they would separate out with the salt; is called
bittern. 'This is run into another vat for the separation of
the potassium and magnesium salts, or it is run back into
the ocean. Salt is produced by this means in this country
in large quantities along Great Salt Lake, Utah, and at a
few places in California. In Europe the principal pro-
duction is in Southern France and Italy; in Siberia con-
siderable salt is obtained by freezing the water instead of
evaporating it.

ROCK SALT

3. The most important source of salt is the large, solid
deposits that have been left by the partial or complete dry-
ing up of inland seas at some prehistoric period. The same
process is going on today at the Dead Sea, the Great Salt
Lake, and other places. These deposits have in the course
of time become covered with a layer of earth that varies
from a few feet to several hundred feet in depth. When
this layer of earth is not too thick, the-salt can be most
economically obtained by running down shafts and mining.
In Louisiana the salt lies only 14 to 16 feet below the sur-
face and is mostly mined; there are also one or two mines
worked in Kansasand in New York, although in these States
the shafts go down 800 feet or more. The most important
and extensive salt mines in the world are at Stassfurt, Ger-
many, which produce not only large quantities of pure salt,
but also the greater part of the world’s supply of potassium
salts. The Louisiana rock salt is very pure, but practically
all the rest produced in this country contains iron and other
impurities and has comparatively little sale. The salt is
largely obtained from these deposits by boring down to them,
running in water to form a strong brine, pumping this out,
and treating it like any other brine.
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SALT FROM BRINE

4, Brines may be divided into two classes: Natural
brines, which flow from springs or wells from a natural
reservoir and may be quite dilute; and artificial brines, which
are made by running water into a rock-salt deposit. These
may always be made saturated if desired. Weak natural
brines are concentrated in some parts of France and Ger-
many by means of a graduator until they are strong enough
to pay for artificial evaporation. This method is now going
out of use, however, and such brines are either worked by
solar evaporation or are discarded altogether. In the United
States the processes used for evaporating brines are the fol-
lowing, named in the order of the number of plants using the
system: Grainers, solar evaporation, open pan, vacuum pan,
and kettle.

5. Solar Evaporation.—This method depends on the
direct heat of the sun.  The brine as it is pumped from the
wells first goes to a settling tank, where the iron, which -is
usually present in the form of acid ferrous carbonate, is
precipitated by the escape of the carbon dioxide and the
oxidizing action of the air as ferric hydroxide. Other sedi-
mentary material also separates out at the same time. The
brine is then run into shallow wooden vats, usually 18 to
20 feet wide, 100 to 400 feet long, and about 8 inches deep,
where it is allowed to stand until salt crystals begin to
separate out, by which time most of the calcium sulphate has
deposited. Finally the concentrated brine goes to the salt
pans, which are similar to the above but not quite so deep.
Here the salt separates as crystals and the brine is renewed
from time to time until a salt layer of about 3 inches is
obtained. The residue of the brine, which contains most of
the chlorides of calcium and magnesium, is then run to waste
and the salt ‘‘ harvested " by scraping it together and putting
it into tubs with perforated bottoms, where it is allowed to
thoroughly drain.

The vats are built on piles and arranged so that the brine,
after being pumped into the settling tank, can run by gravity
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to the other vats. In countries where very little rain falls,
especially during certain seasons of the year, the vats can
stand uncovered continuously. In the eastern part of the
United States, however, where frequent rains occur, it is
necessary to provide the vats with movable covers, which can
be rolled back during fair weather. The salt obtained by
this process is in large, bulky, cubical crystals that occlude
considerable quantities of mother liquor, and on account of °
the deliquescent calcium and magnesium chlorides thus
mixed with the salt, it becomes moist in damp weather.

6. Kettle Evaporation.—In the kettle process the brine
is evaporated in cast-iron kettles about 4 feet in diameter by
2 feet deep and heated either by direct fire or a steam jacket,
When necessary for the removal of the iron, the brine is
mixed with a little milk of lime and allowed to settle; it is
then run into kettles and evaporated. The calcium sulphate,
which separates out first, is removed from time to time
until the salt begins to crystallize. The salt is removed
from the kettle at intervals, drained in baskets, and then
dumped into bins to thoroughly dry.

When heated by direct fire, the kettles are arranged in
rows of from sixteen to twenty-five over the flues; and as

those at the front end are the hottest, the brine evaporates

most rapidly at that point giving the finest crystals, while
the kettles at the back end produce crystals more like the
solarsalt. With steam-jacketed kettles, the product is much
more uniform.

7. The Pan Process.—This is probably the oldest of all
methods using artificial heat, for the Romans at the time of
their occupation of England used practically the same
arrangement as the present, except that their pans were
of lead and only about 6 feet square. The pans a (Fig. 1)
now used are made of iron and are from 70 to 150 feet long,
20 to 25 feet wide, and 12 to 18 inches deep. They are
heated by direct fire. The grates, of which there are three
or four for each pan, with the doors & for charging, are
situated at the front end of the pan and are connected to a
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chimney, which is placed at the rear end of each pan by flues
that lead under the pan. The brine, after having been
purified by milk of lime and settled, is led into the back part
of the pan, where it becomes slowly heated and concentrated
so that it deposits its calcium sulphate as it slowly flows
towards the front and hotter portionof the pan, where the
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greater part of the salt is deposited. At intervals the salt
is scraped together and on to the draining boards ¢ by means
of long-handled wooden hoes. The workmen pass between
the pans on the wooden walks 4. The roof is cut out at the
peak to allow the steam to escape, but it is covered with a
cap to keep out the rain.

8. Gralners.— An important modification of the pan
process is the so-called grainer. The pan is made of either
iron or wood and of the same general dimensions as the
above, except somewhat deeper. The evaporation is caused
by steam circulating through pipes that are raised about
6 inches above the bottom of the pan and are kept con-
stantly covered with brine; in other respects the operation
is practically the same as in the pan process.

9. Vacuum Pan Process.—This process leads to a
very fine grade of salt, and on this account is used in several
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places. Since salt is about equally soluble in hot and cold
water, it is not possible to concentrate the solution in the
pan and then run the solution outside to crystallize, as is
done in many other cases; but if the vacuum pan is used
for anything more than bringing the brine to its saturation
point, the salt must be allowed to deposit in the pan. This
can, of course, be accomplished by using a simple pan
covered over and partially exhausted, but it is then neces-
sary to open the pan from time to time to remove the salt,
which is an obvious disadvantage. To do away with this
difficulty several continuous-acting vacuum pans have been
proposed, the best of which is Pick’s triple-effect evaporator,
shown in Fig. 2.

In this apparatus, the principle is followed of keeping
each element under a less pressure than in the preceding
one, and evaporating its contents by means of steam taken
from the preceding element. The brine enters at g, and at
r s is a vertical coil of pipes, which in the first element is
supplied with steam through ¢ and is sufficiently long to
condense the steam so that it flows as water from the oppo-
site end s. The heat from the steam coil evaporates the
brine ac¢, and the steam passes through the pipe finto a
similar vertical coil at #', where it condenses and boils the
brine in a' ¢, which stands under a less pressure than that
in ac; the steam from a’'¢’, in turn, evaporates the brine in
a' ¢", which is under a still lower pressure. The salt as it
separates collects in the funnels ¢, ¢/, ¢'', and can be brought
into the filter chambers &, @', " when desired by turning
the valve at ¢, ¢/, . [Each filter chamber has a filter in
the bottom portion from which a pipe % returns to the
upper part of the element, so that the mother liquor may be
returned, if desired. The salt may then be washed by
means of the rose x and the wash water run off by the tap y.
The salt can be withdrawn through an opening in the side
of the filter chamber.

10. In preparing fine table salt, the brine is frequently
mixed with sodium carbonate to precipitate, so far as possible,
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the calcium as carbonate, and then with a little soap, or some
similar substance, to remove the remainder of the calcium
and magnesium as the insoluble soaps of these elements.

In certain European countries, salt used for food is taxed,
but when used for manufacturing purposes the tax is very
light. To prevent fraud, salt to be used for manufacturing
must be denaturated,; that is, rendered unfit for food
purposes. This is accomplished by mixing with the salt
some one of an almost endless number of substances, among
which may be named sodium sulphate, crude petroleum,
coal dust, iron oxide, alum, carbolic acid, etc.

SODIUM CARBONATE

NATURAL AND ARTIFICIAL SODA

11, Natural Occurrence.—Sodium carbonate occurs
in nature widely distributed. It is seldom found, however,
as the normal carbonate, but as a partial decomposition
product of sodium bicarbonate of the composition Na,(O,,
NaHCO,,2H,0, commonly known as Zrona or urao. It has
long been known in Egypt, where it is called Wad: Atrium,
or Natrium ,; in Hungary it is called Szekso. It is also
found in Russia and other countries. Very large deposits
are found in many parts of the United States, especially
in Wyoming and California. In the former State are
found lakes that contain over 2 pounds of crystallized
sodium carbonate per gallon of water and only a small
amount of sodium chloride. Coal is found only 15 miles
away, so that it is estimated that it is possible to make from
98 to 99 per cent. of pure sodium carbonate at one dollar a
ton. A company has recently been incorporated to under-
take its manufacture.

Probably the largest deposits of natural sodium carbonate
in the world occur in California. Mono Lake in that State
has a surface of 65 square miles, and is estimated to contain



10 ALKALIES AND HYDROCHLORIC ACID §?9

75,000,000 tons of sodium carbonate and 18,000,000 tons of
sodium bicarbonate. It is high in the mountains, however,
where fuel is scarce and solar evaporation is out of the
question; besides, the difficulty of removing the finished
product makes the working of this deposit impossible, for
the present at any rate. Owen Lake, however, which has
an area of about 110 square miles, has a sodium-carbonate
. content of from 40,000,000 to 50,000,000 tons, and is con-
stantly being added to at the rate of about 200,000 tons each
year. The soda is here obtained by solar evaporation and
considerable quantities are produced. A third large deposit,
which has recently been discovered in Mexico, is about
2} miles from Adair Bay on the Gulf of California. This
deposit covers an area of about 60 acres to a depth of from
1 to 3 feet, and is only covered by about 3 inches of sandy
silt. The average sample of the dry soda showed 76 per cent.
of sodium carbonate, 5 per cent. of sodium sulphate,
1 per cent. of sodium chloride, and about 18 per cent. of
soluble matter. .

The source of the natural soda is probably feldspar rocks
-that are decomposed by the atmospheric conditions. The
sodium carbonate formed is washed by rains into lakes,
and, lacking outlets, their waters become supersaturated.
Probably some is also made by the transformation of sodium
chloride to sodium sulphate by calcium or magnesium sul-
phate, then the sodium sulphate is reduced to sodium
sulphide by certain Algzae, and the sulphide is converted into
the carbonate.by the action of carbon dioxide.

12. Until nearly the end of the 18th century, practically
all the world’s supply of soda came from these natural
deposits and from the ashes of certain plants that grow in
or near the sea. ‘I'he most of the soda came from this latter
source. For this reason, at that time, potassium carbonate,
which is found in the ashes of land plants, was much ‘the
cheaper and more comgonly used alkali. The plant soda
was made in Spain, where it is called dari/la ; in France it
is called vari/ or blanquette.
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13. Artificial Soda.— The artificial preparation of
sodium carbonate, frequently called soda ask, dates back
to the latter part of the 18th century and has now become
one of the largest of the chemical industries. While a large
number of processes for the manufacture of soda have been
proposed, the only ones at present in use on a large scale
are Le Blanc's process, the cryolite soda- process, the ammo-
nia-soda or Solvay process, and the clectrolytic process.
These processes are named in the historical order in which
they became important, but they will be treated in the order
of their present importance in the production of soda ash in
America.

THE SOLVAY PROCESS

14. Historical. — The fact that when solutions of
sodium chloride and ammonium bicarbonate are mixed, a
part of the sodium separates out as sodium bicarbonate, was
probably known in the early part of the last century. It
was not until 1838, however, that it was recognized as a pos-
sible method for the manufacture of sodium carbonate. In
that year H. G. Dyar and J. Hemming took out an English
patent for making sodium carbonate by means of the reaction

NaCl+ HNH CO, = NaHCO,4+ NH (!

and then heating the sodium bicarbonate to drive off the
carbon dioxide and water, leaving sodium carbonate. This
patent covered the chemistry of the process practically as
it is worked at the present time, and also many® of the
mechanical principles. At that time, however, the cost of
ammonia was too great and they did not succeed in keeping
the loss low enough to make the process profitable. About
1855, Schloesing and Rolland patented in England some
improvements on the above process and at a factory in
France actually manufactured about 25 tons of soda
a month for nearly 2 years. They did not succeed in
recovering the ammonia sufficiently well, however, and
abandoned the method. Various other inventors worked
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upon the process between 1838 and 1863, and fortunes in

time and money were spent to no avail. In the latter year,

Ernest Solvay, a Belgian, took up the process without

knowing much about the other work that bhad been done-
upon it. He worked upon the process until 1873 before the

mechanical difficulties were overcome and the method

became an assured success. From 1873 until the present

time the process has been constantly growing in importance

and strength, so that now far more than half of the world’s

supply of soda is made by this method.

15. Outline of the Process.—The process, in brief,
consists in preparing carbon dioxide from limestone, pass-
ing this gas into an ammonium-hydrate solution to form
ammonium bicarbonate, mixing salt solution with the
ammonium bicarbonate, and getting sodium bicarbonate
and ammonium chloride. The sodium bicarbonate is then
calcined to form soda ash and the carbon dioxide is led back
into the process. The ammonium chloride is decomposed by
milk of lime, the ammonia is set free to be used over again,
and the chlorine goes to form calcium chloride, which is
mostly run to waste. The reactions are then

CaCO, = CaO + CO,
NHOH4 CO, =1 NHCO,
NaCl+ HNH CO, = HNaCO,+ NH C!
QHNaCO, = H,0+ CO,+ Na,CO,
CaO+ H,0= Ca(Of),
Ca(OH ), + 2NH Cl=2NH, + Call,+ 2H,0

These reactions do not, however, take place in quite so
many steps, for the sodium-chloride and ammonium-
hydroxidersolutions are first mixed and the carbon dioxide
then run in. The reaction between sodium chloride and
ammonium bicarbonate is a reversible one, so that if we
should start with sodium bicarbonate and add ammonium
chloride to it, we would have a certain amount of sodium
chloride and ammonium bicarbonate formed. The reaction
can, therefore, never be complete. It will be driven far-
ther in the desired direction the more of an excess of salt
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there is present; and as salt is cheap, it is customary to allow
an excess of salt over the amount necessary to react with
the ammonium bicarbonate. The latter substance is thus
more completely used. Formerly it was very common to
employ solid salt, but this practice is now quite generally
given up and an excess of saturated brine is used.

RAW MATERIALS

16. Limestone.—The nearer pure calcium carbonate
the limestone is naturally, the better it is, but the impuri-
ties in this case are not so serious an objection as in the
Le Blanc soda process. A too high percentage of silica, iron,
or alumina is objectionable, as it causes the limestone to
clinker if the temperature is sufficiently high to burn the
limestone rapidly. When the lime clinkers, dead burns, it
is almost impossible to slake it and the lime is worthless. A
high percentage of magnesium carbonate is also undesirable
in a limestone, as it lowers the efficiency of the quicklime,
for the magnesium oxide cannot be used to liberate ammonia
from its salts nor to make caustic soda. The limestone
from different parts of the same quarry differs considerably,
as is seen in the following average analyses of the limestone
used by one of the large United States ammonia-soda
works for thrée consecutive months:

. October. November. December.
Constituents

Per Cent. Per Cent. Per Cent.
Si0, (insol. in HCL) 2.95 5.60 3-95
Al0, and Fe O, . .. .80 .90 .30
CaCo,....... R 94.20 83.26 88.39
MgCO,........... 2.36 10.41 7.75
Total......... 100,31 100.17 100.39

A hard, compact limestone is the most suitable, as,
although it takes a little longer to burn, it gives a quicklime
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that is easier to thoroughly slake, and the slaked lime is
usually of a better quality.

1. Brine.—The salt used in this process is in solution,
and the solution may be made from solid salt at the works.
Usually, however, the soda works are so situated that
natural brine or artificial brine, made by dissolving the
rock salt from its bed, can be used. As pure a brine as pos-
sible is desirable, but the ordinary brine used generally con-
tains more or less calcium and magnesium salts, and some-
times iron compounds are also present. The magnesium
salts are the most injurious, for they are not so rapidly
precipitated by the ammonium carbonate in the purification
process (see Art. 21), and the magnesium carbonate sepa-
rates out later when vat liquor is being cooled and is liable
to then stop the conducting pipes. A sample of the Tully
brine used by the Solvay Process Company, at Syracuse,
New York, in 1892, gave the following analysis:

Constituents Grams per Liter
Sediment ............... .020
CaSO,........cccovuunn. 4.306
CaCl,.........cooovnn... 2.718
MgCl. ..ot .250

Total impurities. . ... 7.294

This same brine contained at that time 292.88 grams of
sodium chloride per liter. This is a good brine, although a
little low in salt.

18. Ammonia.—Although the ammonia is used over
and over in the preparation of ammonia soda, there is,
nevertheless, always more or less of a loss that must be made
up by an addition from outside: The usual sources of ammo-
nia are the coal-gas works and, at the present time, the
by-product coke ovens. This ammonia, from whatever
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source, comes to the works in the form of crude sulphate,
or frequently as gas liquor, which is a solution of a mixture
of ammonium salts. So long as it contains little or no free
acid, it is acceptable and is purchased strictly on the basis
of the ammonia that it will yield by distillation with lime.
A good gas liquor should contain at least 16 per cent. of
ammonia.

19. Coal and Coke.—Coal is used entirely for the
boilers, and any grade of coal that is suitable for firing
boilers can be used here. Coke is used mostly in the lime
kiln, and should be good oven coke and as free from sulphur
as possible; for with high sulphur, sulphur dioxide is liable
to get into the gas, and at any rate it will yield a lime high
in sulphates. This, if used for making caust<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>